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CHAPTER I

BACKGROUND AND STUDY OBJECTIVES

NAVSHIPS is engaged in developing a new system to improve the
effiectiveness of future amphibious assauvlt operations. This
acdvanced decvelopmeat program, the Amphilious Assault Landing Craft
Program (S1i4-17), calls for the defining, developing, and testing
a new set of landing craft that will provide system performance
improvement and operational flexibility. Toc provide this flexibility
the crafit will operate at higher speeds than present craft.

Recognizing that these operational conditions produced by the
increased speed of such landing craft, the enviromment, will plan
utique requirements on the packaging and tiedowns or the material
to be transported, NAVSHIPS has requested that NAVSUP support éhe
program efforks. It has requested that this support be given in
the designing and testing of support equipment to insure that the
racerial the new craft will be transporting will arrive at its
destination in good condition, and ready for use.

In order for the supply support eguipment to be evaluated
and tested properly, the influence cf environmental and operational
systems factors imparted to the cargo being transported from the
supply ship tc¢ the beach must be defined. This report contains a
definition study having seven objectives:

1. It establishecs on a preliminary basis the loadings

("load factors") imparted to the cargo being trans-
ported on the landing craft under specific conditions
oi s=ea state, specd, cargo load (tonnage) and load

distribution.

I-1 University Consultants, Inc.




2. It establishes variations in the impact and accelera-

tion loadings for the landing craft operating under the
4 specified conditions.
The force loads imparted to the cargo establish the

criteria vital to the evaluation and design of the supply
logistics support equipment, that is, cargo tie-down systems,
and materials packaging and packing. Additional criteria must
be established to set the objectives for selecting or designing
adequate tie-down and packaging concepts. This report

3. establishes thoecriteria to be considered in designing
the tie-down equipment suitable for each operational
situation, and

4, presents recomnmendations for a test program designed
for the empirical evaluation of cargo tie-~down syste;s
for contemplated assault landing crafts.

For the test program, requirements in the following areas
are specified:

5. the types of materials handling equipment that should
be tested to determine which, if any, best suits the
overations requirements and any new design,

6. the levels and mix of cargo tonnage and the commodities
£0 be included in the tec: program '

7. some suggestions for potential redesign regquirements
for existing tie-~down systems utilized in cargo trans-
port from the mother ship to the beach and the develop-
ment of new systems.

Thus, this study has sought t: 'dentify thé factors that
will constrain the design of new, :ad the use of existing,

.ogistics support eguipments in the NAVSHIPS Amphibious Assault

I-2
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Laading Craft Program. Additionally, the study results should

«wSist in shaping final ship design and packaging modes. Fur-
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will sexrve as a basis for a test program to

aine the manner and extent +to which the identified environ-
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zent~1l and operational factors will constrain the Assault Landing

p Craft Prcgram. The format of the report is discussed in the

g Zollowing paragraphs. .

% in Chapter II the steps involved in each phase of cargo

é noverent from point of rest in the mother ship to point of rest

on the beach, as well as the types of supply logistics support
equipnent required in each step, are identified. Flow charts are
presented.

Chapter III contains a definition of the operational and

™

environmental factors influencing cargo movement activity for

four (4) different support vessels supplyving each of two (2)

o
o

3 tvpes of landing craft, lcoking at three (3) sizes of each
craft. The maximum, or worst, load factor is considered in each

of the following situations:

(a) the loading. of cargo into the landing craft from the
% supply vessel assuming an out cof phase motion of the
supply vessel and the landing craft while the cargo

is being lowered into positions at maximum speed.

(b) The transport of the cargo to the beach in four con-
ditions of landing assault craft loading at the
worst condition of operation (at the maximum speed
in head or following sceas).

fc) In a broaching situation to the point 55 ninaty

-

) degrees roll.

I-3 University Consul!{ants, Inc.
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nding of the landing craft on the beach and
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ihle problems of high loading in the surf.
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3 2 definition of the highest loadings that can occur in
che operztion of the landing crait over their rance of speeds

’ aad in sea states ranging from sea state 2 to sea state 5 is

I A A & Y S5T L

orovicded.

&

Finally, the following factors and criteria necessary for

cest program development are defined.
. The criteria necessary to define effective tie.down systems
and changes in materials packaging are established.
. Any non-load factors considered desirable are also noted.

Chapter IV reviews the data on the shock and vibration

environment c¢f transportation modes and systems now in use.

©
also reviewed are present military tie-down and packaging sys-

ems vsed for vehicle and cargo furing movement by air, highway,

H

V)
-

i1, and ship. Existing logistics support equipment systems

re discussed from both positive holding (tension) and shock

™

attenuation viewpoints. Reference is made to the lack of data

comparable co that developed in Chapter III for the proposed new

2 landing craft environwent.

3 In Chapter V a representative list of commodities to be

f incivded in the test program is suggested. Vehicle and cargo‘
: tie~down systems, matcrials packaging, and possible new sys-

. oS to be included in the test program are recommended. Test

design, methods, egquipment, and cvaluation criteria are also

specified.

I-4
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CHAPTER II
CARGO FLOW AND EQUIPMENT

USED IN AMPHIBIOUS ASSAULT OPERATIONS

The amphibious assault cargo logistics flow cornsists of the
flow of all materials and supplies frowm the port of embarkation
(PCZ) to the land transport system in the amphibious objective
area (AGA). The specific section of this logistic suﬁply chain
under analysis in this study is the flow of cargo from the supply
ship in the amphibious staging area to the AOA. This section of
the logistics supply chain will be broken down into several differ-
ent phases to facilitate the analysis of potentially severe cargo
handling or transportiy problems. Only those problem areas where
cargo damage is likely to occur will be investigated. The type of
cargo flow and the equipment necessary for that flow will be
defined.

The cargo flows through five stations in the supply logistics
operation starting from the supply ships in the staging area to
the amphibious objective area on the beachhead. These stations are
as follows:

Station (1). Supply ship - ready for horizontal flow
tation (2). Supply ship - ready for vertical flow

Station (3). Supply €hip - ready for off-loading to
landing craft

Station (4). Landing craft - ready for off-loading to AOA
Station (5). Amphibious objective area - beachhead.
Tach of these five stations is connected with four different cargo
hundling phases and one transportation phase. The four cargo

handling phases are:

II-1
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Cargo handling phase (a) Horizontal flow - Supply ship

LI Cargo handling phase (b) Vertical flow - Supply ship
.Cargo handling phase (¢) Off-loading - Supply ship
Cargo handling prnase -(d) Off-~loading - Landing craft

The transportation phase and the most important new regime in

ampnibious assault is the high speed landing craft transport of

:3
(0

{\J

-~
e oha
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ls and supplies from the amphibious staging area to the ACA.
rrently under evaluacion are two design types of high speed
landing craft; a planing hull desigh, and anair cushion design.

Por each of these two design types three load carrying capacities

2’

were consicdered at: 30,000 pounds, 125,000 pounds, and 320,009

wounds This study will lcok at these two types, the planing .
avll and air cushion designs operating at their design speed of

22 xnocs and 50 knots respectively in sea state three (3) and at
redaced speeds in sca state five (5).

This supply logistics flow can be represented as shown in

th

igure I-1. The supply flow can recycle from station (2) to

\'i

ion (1) several times before reaching station (3). In some

U:'

ta

peratiors the flow will not enter the high speed transport phase

0

Dutc wiil be accomplished by conventional landing craft or helicopter.
In Zany operations the flow will pass through several cargo handling
phases and two st.:.hlonc wher the cargo is moved vertically up and
out of the supply ship and off-loaded into the landing craft by

cne piece of cargo handling equipment.

II-2
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2 In the cargo logistics flow, the major problem areas where

B A 2icnificant damage occuss are:

i = the vertical movemant of the cargd out of Ehe supply

£ ship

é - the off-loading of %he cargo into the landing craft

3 - the ship to shore transport of the cargo by the landing

; craft

é - the off-loading at the A0A ! '

; Damige of the cargo occurs in all of these operational phases due

§ to oroken bonds on the cargo palleté, the impacting of the cargo

3 on the supply ship's side or the landing craft's"cargo hox, the

% cyramic motions of the high speed landing craft and impact loads

; during the vertical movement of the cargo out of the supply ships

3 N

3 cor tre landing craft.

?i g The cargo f£low is accomplished by many different pieces of

g ) cargo hanciing equipment. The following is a phase breakdown of

?; +his equipment.

>

% Cargo handling phase (a) Horizontal flow

% The horizontal movement of cargo in the supply ship

§ 15 accomplished by conveyor, fork lift, or pallet transporter

? trc.. the place of stowage ({station (1)) to the area where it can
coznence its vertical movement (station (2)). The load limits on'

? these cargo handling systems are:

- Conveyor: usually limited to a single 40" x 48" pallet
loaded to 43" max and weighing 4,000 pounds

4 - Pallet transporter: weight limited at 3,000, 4,000 and
6,000 pounds
- Fork lift: weight limited at 3,000, 4,000, and 6,000

peunds.

A bany,

II- . .
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Cargo haandling phase (b) Vertical flow
The vertical movement of cargo up and out of the

hiy positicn where it can be off-loaded into the
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landing creft is accomdlished by elevator, conveyor, monorail crane,
or cargo booms from its position ready for vertical movement
{scation (2)) to station (3) ready for off-loading. The load limits
on these cargo handling systems are: .
~Elevator: approximately 17'10" x 7'11l" x 7'0" with
weight limit of 16,000 pounds
-Vertical conveyor: limited to 48" x 84" x 56"
volume and a.weight of 4,000
pounds

-Momrail crane: two hoists per crane with a capacity
of 4,000 pounds

-Cargo 1ifts: weight limited at 3, 5, 10, 15, 30,
35, 45, or 60 tons. Most cargo holds
are equipped with a small 10 ton boom
and a larxge 30 to 60 ton boom.

Cargo handling phase (c) Off-loading-supply ship

This phdse of cargo movement takes place from the
point where the cargo leaves the hold and starts its movement toward
the lending craft. This movement can be over the side of the
suzoly ship or intoc the open well inside the supply ship. This
cargo nmoveinent is handled bv monorail cranes or cago lifts. The
spacific limits of these pieces c¢f equipment are as described
before. The cargo lifts can be of the yard and stay type, or of
the jib crane type for heavier loads.

¢

TI-4
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‘ This cargo movement phase is finished when the cargo is
5% pecsitioned in the landing craft.

ortacion Phase

nilp amphibious staging area to the ACA. For the purpose of this
study only the two high speed landing craft will be considered,
alzhough tris phase can be accomplished by conventional landing
crafit or by helicopter. The three different load cppacities and
twoe types of high speed landing craft design are analyzed for
their impact and vibration loadings during transit.
Cargo handling phase (d) Off-loading landing craft
The landing craft is unloaded at the beachhead by

the short cargo handling eguipment carried in during the amphibious

(4

landing. This equipment includes all terrain fork 1lift, mobile
truck and crawler cranes, and various sizes of trucks. Causeway
ané portable harbors are also utilized. The operational limitetions
on this equipment are:

Fork lifts - RT class- 3,000, 6,000, and 10,000
pounds

Fork lifts - TD 15 - 20,111 pounds

Truck cranes M-60 - 6,000 pounds
Bay city - 25,000 pounds

Trucks - 2 1/2 tonsto 57 tons
This cargo logistic flow breakdown forms the basis of the
operational phase analysis to evaluate the effectiveness of the

matcrials packaging and cargo tie-down procedures for the new high-

n

vecd amphibious operation.

II-5
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CHAPTER III

OPERATIONS AND ENVIRONMENTAL FACTORS

;
3

s CHARACTERISTIC OF PROPOSED NEW HIGH SPEED LANDING CRAFT

oA

ZIT-1. In=zoduction. Dynamic Loading of Amphibious Assault Cargo

The operational and environmental factors which influence
the cargo movenment activity from the supply ships in the Amphibious
Stacin, Area (ASA) to the beach in the Amphibious Objective Area
(A0R) result: primarily Z£rom the operation of the supply system,
X the high speed landing crafts and the supply ships in the physical
E: anvironment of the landing zone. The major difference in the
oparation analysed in this report from past landing operations
is the employment of high speed assault landings taking place

o from the ASA beyond the horizon. Thus, the dynamics of these ,

1024453

rev landing craft create additional design criteria on the mater-
ials packaging and tie-down systems. These new high speed landing

crafit subjkst the assault support cargo to new and different types

B
P
3

5
G

3
E
Ry
E:

3

of loadings.

Two types of loads are encountered in all physical systems.

Those are vibratory loads, an acceleration loading on the system
having more than occasional occurrence, and impac& or shock
loads, an acceleration loading of short duration and individual

form occurring much less frequently than the time duration of

the function of the system. The vibratory lcadings usually have

a cominant frequency or frequency range while the shock or im-
f

K
&
ke
k:
g i
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sact load will have a broader fregquency range with a dominant
Zrecuency set by the structure of the object impacted. The
structure ¢ the cargo will have little effect on the freguency
of the vibratory loadings. A typical vibratory loading is the

wave encounter force of the landinj craft meeting the waves.

-

2n impact loading is the landing ua a particularly steep wave

almost airborne position. The vibratory load is con-

th

rom

™
3

tinuous while the impact or shock load is unique in its existence.
In the amphibious assault landing from the ASA to the AOA,

there are three phases of the operation which can result in

camaged cargo due to the dynamic motions of the supply ship

znd the landing craft.

. The first phase is phase (¢) the off-

°

loading of the supply ship placing the cargo intoc the
landing craft. This phase of the operaticn can occur
at the side of the supply ship as with the AKA's ox

in the cargo well of the LHA. In both areas of loading,
the wave motion can be extremely hazardous to the off~
loading cperation. With the ACVY, the off-loading
operation can be completed with the craft stationed on
the ramp at the end of the well, thus eliminating this
particular problem. The planing craft is not as ’

adaptable in its operation.

The second phase is the transition phase from the sup-

ply ship in the ASA to the beach in the AOA. This

phase of operation results in long time durations of

ITI-2
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vibratory acceleration loadings along with the probable
Both the ACV and the planing

occurrence of impact loads.
aull designs encounter these operational conditions.

The third phase is the off-loading phase {d‘\ of the
The ACV in this

~anding craft at the beach in the AOA.
casc can leave the water and position itself on solid

ground before ofi-loading commences while the planing
raft must remain in the water, possibly in dangerous

c
urf conditions.
In the first phase there are two impact and shock load
The first is the impact of

/4]

L3

sicuations which must be considered.

the cargo unit or pallet with the side of the supply ship due to
ction of the cargo slung on the cargo boom as the

cond is the impact of the cargo unit or pallet

a

tie pendulum

rolls.

se s
with £ deck of the landing craft as it heaves, pitches
& rolls aicngside the supply chivp.
The transitiocn phacse of the assault landing operation has
individual sources of dvnamic motion which can place vibratory

five
loadings and impact loads on the contents of the cargo.
First, there is the heave and pitch accelerations of the

dynamic motions of the landing craft operating at high speed in
This motion results in large vertical accelerations on the

£
waves.
argo, in particular the cargo in the bow of the craft, and smaller

Q

horizontal longitudinal accelerations.
Secondly, there is the wave impact of the 1apding craft with
This impect or shock loading can be quite high if it
flight path into the next wave encounteied.

P
steep "aves.,

esults from an airborne
Ii1-3
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Thirdly, one phenomenon which more than any has plagued the
landing operation in the past and will continue to do so even with
these two new design types of landing craft is the broaching of the
larding craft in waves and surf. This particular problem takes on
new dimensions with the higher running speeds of these new craft.
The danger of a high speed broach is quite real. Assuring that
the landing craft survives the high speed broach and remains in an
upright position depends greatly on the holding power of the tie-
down system in preventing the cargo from shifting.

The fourth possible dynamic action the landing craft can

undergo is a high speed grounding, This would be a problem for

()]

the pianing hull design if it encountered a submerged reef or sand
bar during a high speed approach to the beach. The resulting
deceleration of the landing craft places horizontal acceleration
loads of long time duration on the cargo and its tie-down system.

The £ifth possible vibration load found in the high speed
landing craft operational systems is the propulsor and engine
incuced vibration. These two subsystems can generate in some of
the poorer designs vibratory loads capable of being considered
significant in packaging and tie-down systems design. The loads
in tnese cases will be of a much higher fregquency than all the
other loads discussed.

The off-loading of the landing craft at the beach will be
hindered by the same type of cargo impact problems asis encountered
éduring the off-loading c¢f the supply ship. 1In most cases, the
worst loadings will be encountered during the off-loading of the
supply ship in the ASA, and any load encountered off-loading at the

ITi-4
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bezch in the AOA will be less than the off-loading shipside.

The asalysis which follows on cach of these potentially
danaging onerational situitions will calculate the worst possible
ccndition which could occur if tl. dynamic motion werc unrestrained.
7he resulting dynamic load will -define the upper limit of the loading
envelope for the design of packaging and tie-down systems for the

amphibious assault operation.

IrI-5 *
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Ii’-2. Hich Sveed Wave-Induced Motion Loads

nding craft are designed to operate at full design

+3
5
0}
P
m

spead in sea state two or at a speed of 22 knots in sea state
five. This condition is used since it represcents the maximem wave
induced motions encountered. The amphibious operations would not

e started in sea states greater than sea state five; thus, this

v’

. - the upper limit of the motions evaluation in this study.

The landing craft are subjected to two types of dynamic
loadings during their movement from the ASA to the AOA. The first
and most frequent is the vibratory lcading experiences as they
encounter the waves. The second type of loading is also due to
wave encounter but hexe the loading is very short and severe,
taxing the form of an impact or shock load. This section of the
report will discuss the motions loadings and Section V will discuss
the wave impact loads.

The twwo most widely differing modes of operation are those
of head seas wave encounter &d following seas wave encountern.
2s one would expect, the frequency of the wave encounter is much
greater in head seas. The freguency of encounter can be calculated
assuming the waves are in deep water and are travelling at speeds
given by the first equation in Appendix VI towards or away from
the landing craft. The frequency of encounter for the sca states
Ttwo to sea states five, for the head anl following ceas cases fre-
guencies range from 0.76 cps to 0.18 cps for landing craft speeds
of 22 knots and from 1.05 cps to 0.62 cps for landing craft speeds
of 50 knots. Hence in the most extreme case, that of an operation
frcem over the horizon 30 nautical miles seaward, the cyclical

III-6 . .
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loading of the cargo on board the landing craft can undergo as
maay as 4000 load cycles during the 30 nantical mile trip to the
beach in the AOA. Thisvalue is for the head seas encountered
aring a 22 kxnot per hour trip over the 30 nautical miles. If

he trip is made at 50 knots, the number of encounters will

ot
0]

drop to 2280 load cycles. Both these values will be less if the
waves are travelling toward the AOA and the landing craft only
encounters following seas.

The acceleration loading which the carge must endure during
its transport from the ASA to the AOA will depend on a number
of factors. These are:

a. The sea state encountered in the operations area

b. The dominant direction of this sea state .

c. Tha speed of the landing craft

d. The load trim of the landing craft

e. The location of the cargo in the cargo well of the
landing craft

f. The skill of craft handling of each individual operator.

At times the craft's loading will not be ideal znd the trim
of the landing craft will vary. The sea state and its dominant
wave direction will not be under arj jone's control. The speed of
the craft will in most cases be pushed to the limit of the crafit's

operator's endurance, not to say anything of the cargo's endurance.

III-7
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The motion acceleration loadings anticipated during the
operations will be worst for the head seas encounier case.
Both the level of accéleration loading and the frequency of
encounter will be highest. The values for these loadings
are given in more complete form in Appendix @, but representative
Yalues are listed here. A short discussion of the reported
motions for the ACV's as tested at Naval Ship Research and

Developnent Center is given in Appendix A.

Hence the range of cyclic loading is 0----5000 cycles
per cargo trip .

The maximum range of g loadings for the wave motions

for the ACV's: 0----4.5 g's bow accelerations
for the Planing Craft: 0----7 g'§ bow accelerations
for the maximum in 100 wave encounters.

The average acceleration lcadings for the entire 5000
cycles and the values at which the cargo should be tested for
fatigue are as follows:

for the ACV's: Sustained acceleration load
level = 1.9 g's for 5000 cycles.
for the Planing Craft: Swtained acceleration load

level = 2.1 g's for 5000 cycles.

Hence the cargo tie downs and packaging must be capable
of withstanding 3.1 g's sustained over 5000 cycles and high

motion loads of up to 7 ¢g's of how acceleration.

III-'8
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sminnibicus operations are most hazardous when the
wSiinant wave motioa is onshore and the sea state is large
enecg o generate a surf zone. When landing craft navigate
o cori zone, tacre is alwavs considerable danger in
~osing control of the landing craft and broaching. In the
et that this does occur and the landing craft remains
desirable to hold the cargo in position
in the cargo well of the landing craft so that the center of
gravity of tie craft will not change. The lashing or tie-
owa system nust be able to withstand both the acceleration
~cading due vo the fast broaching yaw, the acceleration due

to approximately sixty

°

Sogrees (approximen roli limit before overiturn) and the transferal

- I hd S = A T = 5 1.
o the rolling of the landing craft

oI thc entire weicht of the cargo to the lashing and tie-down gear.

The combination of these three ioadings makes up the maximum

loading to be exverienced in this case.
The angular motion of any body results in an acceleration
o

which can be defined in radial and transverse components as:

c’,:(;: ...;/'UJ;)/!;_ “+ (}’M'/r. +2}”'W,’ﬂ)/‘9

where (L = acceleration
/= radius from point of rotation on landing
, crait
i = velocity of radius vector

~ = acceleration of radius vector
angular velocity
“h- anular acceleration
A, andf, avc unit vectors in the radial and
tangential direction.

r;.‘
\‘.
II

1II-9

University Consultants, Inc.



For the broach and roll ccndition, the only significant
term in the abcve eqguation is the ?1Qiterm. Hence the
acceleration is;

a,:-—yu¢? in the radial direction.

When a landing craft undergoes a fast broach and roll,
the complete motion can happen in about one second. Using
a value for u; = 1 radian/sec for the broach and 1 radian/sec
£or the vaw, the two accelerations ars found:

(:lfwu'_ = , X ’E:'Ji-l- 7(]{/‘;%2
Oy = | K Hw #5ec
For a cargo unit or pallet positioned at the corner of

the landing craft well, the values of ﬁ&u

and J are

© 7?%w

respectively 17 feet and 70 feet. These values are for the
®

largest planing craft. The acceleration load is the vector

adéition of the two acceleration components:

Ao = |7 2

Rett

= 7(7 +7 2.

a,; Ve

yaw

Conbined acceleration load is 72 ft/sec2

or approximately
2.25 g's. This load must be taken by the tie-down system
along with the entire weight of the cargo, be it 2, 5, 10,

30 or 70 tons.

Hence for the broach and roll condition, the cargo tie-
down system must be capable of supporting the entire eight of
the cargo from one side and be able to withstand a loading
of up to 2.25 g's for a range of time duration of approximately
one second to four seconds. The acceleration diagonally is

a veciwored force operating on the cargo of the landing craft.

III-10

University Consultants, Inc.




I1ZI-4. Dvnamic Loading of Ampliibious Assault Cargo: Wave

Compact Loads on High Speed Planing Hulls.

The forward bluff bows of these new high speed landing
are very PY¥ON€to high speed bow impacts, in particular, in
following seas where a high overall running speed can be
sustained. When a bow impact occurs, the pitch angle of
the landing craft ™OVe€S 3own and the craft attempts to sub-
merge its bow in the wave crest. This dynamic motion creates
a large acceleration {really a deceleration of the craft)
loading directed perpendicular to the plan of contact. The
effect of this action is to subject the craft and its cargo
to a horizontal and vextical acceleraticn loading originating

o

at the bow.

v

The magnitude of these values are essential in evaluating
the materials packaging and tie-down systems. The orientation
of these loads can vary from entirely horizontal to a loading
which is directed within thirty degrees of the vertical. The

value of the loading can be read from the acceleration chart

shewn in the following figure.

University Consultants, Inc.
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This chart has beerdeveloped from data found in NACA reports

reference, 13, 14, 15, and 16.

The values of acceleration can be read from the graph

for the respective sea-state. speed, and craft length to

wave length ratio.
can be as great as
wave height to
orientation of
much as within

craft.

that 6 g's are

wave length ratic is approximately 25.

this

horizontal and 10.4 g's vertiral.

This graph shows that the impact loads
12 g's from the £ /i, = 1.0 case when the
The

vector can be completely horizontal or as

30 degrees of the vertical on the landing

The 12 g acceleration load can then be directed so

These

loadings can have a time duratin up to 0.4 seconds.
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III-5. Hich Soeed Grounding

“he planing hull landing craft may encounter difficulties
- in an ampaibious assault operation if the approach to the
beach is obstructed by shoals and reecfs. The danger here is
that of a high speed grounding. Assuming a 35 knot speed
capability and a o¢rounding that would simulate a level sub-

3=
mergea shoal or reef which would not severely damage the bottom

ut would bring the landing craft to a halt in less than

o

L

0 feet, the horizontal deceleration loading and the time
duration are approximately:
Ecceleration loading = 2.0 g's (in deceleration)

Duration = 1.0 second

The planing hull could encounter a much higher acceleration
.

loading in a proportionally shorter time duration but the
limit would be reached very shortly where the craft would
sustain too nuch bottom demage to be of any use after.
Hence the cargo would be lost.

The dynamics of high cpeed grounding should bring to
bear on the cargoe a range of acceleration loads from zero
to 2.5 g's with time durations as long as 2.5 seconds. The
dominant direction of this force is horizontal, or the lateral

3

direction relative to the cargo units or pallets.

IIT-13
University Consultants, Inc.




Z1I-6. 2ropulsor Vibration

One other type of vibration loading the cargo must ex-
varience is the vibration induced in the landing craft hull
structure by the water jets which propel the planing hull
landing craft and the air screws which propel the air cushion
vehicle. Hull vibrations and hence vibrations of the cargo
well deck and the cargo will occur at the natural frequencies
of the hull structure and at the rotating frequencies of the
propulsors and their driving machinery.

The vibrations of the hull's structure are laborious to
czlculate and would only register vibratory forces in the lower
frequency range where the wave encounter frequencies dominate.
Tne overall effect of these hull modes of vibration would not be
significant alcngside the wave encounter vibratory forces. TLe
more significant vibratcry forces are those of the propulsors
taemselves. These are the blade natural frequencies found at
the operating RPM or a multiple of this value depending on the
number of propulsor blades and the dynamic relationship between
the propulsor and the structure of thewhicle.

The 2ACV is propelled by tandem shrouded air screws mounted
aft outboard of the cargo well. The load level of the vibratory
force set up by the operation of the ailr screws will be in ‘the
range of 0.6 g to 1.1 g's over a frequency range from 100 cps to
cver 660 cps (ref. 4,5). The distribution of the g level over
this range will be a level distribution with high peaked loadings

occurring at various specific fregquencies depending on the natural

III-14
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Zooguencics of components of the landing craft. The packaging,
DLcking aad tie-down system should be able to adequately handle
& 2.0 g lecaéing of frequency from 100 cps to 600 cps.

The planing cra®t is propelled by water jet mounted in the
stern of the landing craft. The vibratory loads encountered in
thls craft will be at the frequency level of the shaft rotation
0s at o multiple of this value given by the number of impeller
blades and their influence on the hull structure. Shaft rotation
for the water jet propelled planing craft will be as high as
several thousand revolutions per minute. The planing hull landing
craft will have propulsor excited vibrations of up to a maximum of
0.3 g over the frequency range found in water jets.

The vibratory force set up by the propulsion machining can
be in tne low frequency range for reciprocating engines or inb
the higher frecuency range for gas turbines. The eonly signifi-
cant vibratory forces would resul’ from the operation of the
reciprocating engine and would again be in the same frequency
range as that of the propulsors.

The design criteria for the tie-down and packaging systems
should be capable of absorbing the one half to one g loadings
with over the frecuency range of from 20 to 600 cycles per
second.

IIZ-7, £f-Loading of Landing Craft at the Beach

The two landing craft directly involved in this study find
diZferent unloading situations when they reach the beach. The
ACY is unloaded on the beach itself, having negotiated the surf
ard the slope of the beach up to the high water mark or the berm
of the beach. The rlaning craft landing craft is different in

its operation in that it cannot leave the water to unload and

-
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The planing craft will be grounded in the surf zone or in-
saore of this zone. The condition of onshore wave movement will
create the high amplitude waves which chacacterize all surf zones.,
The wave height in the surf zone depends greatly upon the bottom
geometry of the foreshore and the texture of the bottom material.
Una~r optimal conditions the amplitude of the breaking wave
can pe two to two and one half times the dominant wave height
in deep water. The increased wave amplitude concentrates the
wave's energy into a shorter wave and forces a vertical motion
of the landing craft during its unloading operation. This motion
is very complicated and can best be determined by making some
very limiting assumptions. The motion of the landing craft in
this case cannot be greater than the wave amplitude in the s;rf
zone so this value can be used as an upper limit. The maximum
wave amplitude encountered in the surf zone over 100 wave en-
counters wouid be:

surf Factor [HlOO wave encounters = 4.56 x 2.9 = 17.8 feet]
(double amplituvde)

The double amplitude highest wave found in 100 encounters
in sea state 5 gives a good measure of the largest wave supposedly
encountered in the surf zone. Surf waves are approximately,
2.0 to 2.5 times the amplitude of average waves and this gives
for sea state 5, wave double amplitudes in the surf zone of from
15.8 feet to 17.3 feet. Any pouading of the landing craft on the
pottom in the surf zone would present only lower acceleration

levels where structural damage of the hull did not occur. Carxgo

III-16
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comuge wo.l be dominantly in off-loading under these conditions.
The Jdanger of damaging the cargo during the unloading
oseration in the surf zone comes from pitching and heaving of
tae landing craft up so that the well deck of the landing craft
impacts with the cargo after it has been lifted from its stowed
vosition on the well deck. The heave motion in this case is
much faster thanthe heve motion encountered when the landing
crafit is being loaded alongside the supply ship. The period

of motion in the surf zone is shorter and the heave velocity

ruch higher due to the higher wave amplitude in the surf zone.

mne velocity of heave in this case can be as large as 4.0 to 5.0

th

cet per secadl. The impact of the cargo well deck on the cargo
at this speea, assuming zero hook velocity in the unloading
.
operation, is still not as significantly large as the case of
the shipside loading.
Hence the design of materials packaging and the packing of
contents is adequate to protect the cargo during the beach

tnloading when it is designed to accommodate the worst unloading

condition encountered alongside the supply ship.

I1I-17
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CHAPTER IV
LOAD AND ENVIRONMENTAL FACTORS INVOLVED IN THE
DEFINITION AND DETERMINATION OF AN EFFECTIVE TIE~-DOWN

AND MATERIALS PACKAGING SYSTEM FOR AMPHIBIOUS OPERATIONS

The previous section of this report has presented the
range anc nature of the damaging dynamic vibration and shock or
inmpact loadswhich could possible act on the amphibious assault
cargyo during a high-speed landing operation. These loads have
been defined by their acceleration magnitude and frequency range.
These dynamic loads have also been defined as to their orien-
tation with respect to the cargo unit or palletized load. 1In
eddition, the time duation of the vibration or shock load has
peen approximated. These loads cover the loading of the landing
craft and its unloading at the beach along with the loads en-
countered in the transitional stage from the supply ship to the
shore.

Since these loads are a very important part of the evaluation

and design of the packaging and tie-down systems, the £following

table of values is given:

Iv-1
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Dynamic Load Factors

Zor the Anphibious Assault Program

CTerzativnal Tvoe of Magnitude
Phas > Source Load and Frcquency Orientation Duration
Ofi-loacing Ship side Shock 30 g's loading  Transverse 0.005-0.01
SuppOLY snip impact at 15-20 cps. on cargo sec.
Caxgc well Shock 25 g's load.ng Vertical . Same as
impact at 10-15 cpu. on cargo above
Qroasport of Wave Vibration 3.5 g's Predominantly 1/2 hr.--
CaISo to motion 0-5000 cycles . vertical 1+1/2 hr.
shore by high approx. 1 c¢ps. Small amount
spsad land- peaks-7 g's horizontal
ing craift
Broaching Rapid 2.5 g's 124 secs.
angular
accelera-
tion
Wave Shock Up to 12 g's Horizontal 0.00530.0.
impact and sec.
vertical
Bottom Skock 1.3 g's Horizontal 092-1/2
grounding sacs.
Propeller Vibration 1/2 g planing Vertical Time of
vidbration craft operation
0--700 cps.
1.0 g havercraft
Off-loading Eeaving Shock Lower than pre- Vertical
of landing pitching vious off-loading
cratt craft in
surf

Thesa load factors as outlined in figure III-1 are impor-
tant in the design and selection of the materials packaging and

tlie-down systems for the following reasons:

1. 7The lateral impact of the cargo with the side of the

supply saip can generate accelerations of 30 g's which
can damage the contents of the cargo unit, pallet or

catainer. The impact of a vehicle with the side of the
supply ship could easily make the vehicle inoperative.

Iv-2 . .
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Ffurther damage to the cargo unit or pallet can occur
if the lateral impact breaks or damages the integrity
of the cargo load so that the caxrgo is lost or the
contents are exposed to further damages. The occur-
rence oi this impact will be randem in nature depending
on the pendulum action of the cargo on the cargo booms
subject to the roll moticn cf the supply ship.
The cargo well impact generates the largest acceleration
loading on the cargo if all dynamic motions in-
volved in this phase of the unloading operation combine
to produce the maximum descent velocity for the carge.
This loading can range to a high acceleration loading
cf from 20.0 to 50.0 g's if the cargo pallet and

.
landing craft cargo-well deck deflect less than one
guarter of an inch. The loading here will be pre-
dominantly in the vertical directicn with a majority
of the initial contacts being made by the edge or
corner of the cargo unit or pallet. 1In this particular
loading case,the loading of wheeled vehicles with
their spring suspensione will help reduce the loading
by absorbing some of the descent motion and impact
before the vehicle is at rest. The most damaging.
situations are the rapid descent and contact of pallets,
cargo units and unsprung vehicles with the cargo-well
deck resulting in little deflection of the deck and ac-

cordingly very high loadings. The energy content of
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V-2. Packaging and Packing of Military Supplies and Equipment --
Currxent Practice .

Ample general documentation exists of current military

o . - . . 1,2,3
procedures standards and tests for the packaging packing™'“‘~,

unit loading4'b,palletization,4’5 containerization4, cushioning6'7’8
blocking8 bracingg, anchoring8 of military supplies and equipment.
Further for most classes of military commodities specific pack-
aging and packing standards exist. Test procedures for evaluating

package design and structure are also specifiedl'g’io.

lDefense Supply Agency,"Preservation Packaging, and Packing
of Military Supplies and Equipment."Packing Volume II.. DSAM
£125.2, October 9, 1967

2United States Rrmy Materiel Command, Engineering Design
Handbook, Packaging and Pack Engineering. AMCP 706-121,
October, 1964.

3Departments of the Air Force, The Army, and the Navy,
and Defense Supply Agency. Packaging and Materials Handling.
"Packaging and Handling of Dangerous Materials for Transportation
by Military Aircraft” AFM 71-4, May 29, 1968.

4Department of Defénse, Military Standard, Palletized and
Containerized Unit Loads 40" x 48" Pallets, Skids, Runners,
or Pallet-Type Base. MIL-STD-147B. April 30, 1968.

5Emberger, C. Shrink Wrapping. Sup. 0442, June 24, 1970

6Department of Defense, Mustin, G. (special consultant)
Theory ané Practice of Cushion Design, SVM-2. May 1, 196G8.

7Department cf Defense. Military Stardarization Handbook
Package Cushioning Design, MIL-HDBX-304. November 25, 1964

8Department of Defense, Military Standard, "Cushioning,
Anchoring, Bracking, Blocking, and Waterproofing; with appropriate
Test Methods", MIL-STD-1186. October 28, 1963.

9Joint Military Packaging Training Center. "Testing
Iguipment for Packaging Training", JMPTC BKLT 110, September 1968§.

10

See Appendix C.
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horizontal and vertical directions will give lateral and vertical

-~

: icads of 5.6 ¢'s and 4.2 g's respectively.

3 The planing craft is very susceptible to high speed bottom

grounding during its approach to the beach. If a sand bar or .coral

PR |

reef were sncountered while the craft were at hich épeed, large
A 1 xaxg

“ s

norizontal and vertical acceleration can be experienced. The

.-

case otf large vertical accelerations is not so applicable since

PPIICITRY: S T AR e
e e s b, e P4 e o =
cep

considerable damage would be experienced by the bottom structure
% o the landing craft before acceleration leading reached the
7 ragnitude of the vertical impact loadings which occur during the
loading operation. The horizontal accelerétion is most important,
since it can be as high as 2 g's for a time duration of 2’ seconds.
This is a large lateral loading of longer time duration than is
_ggggggggggq‘iﬁrthe.other dynamic motion. cases: 0

‘The ACV and the planing hull landing craft are not wiithout
vibrations from the propulsion engines and the propulsors. The

ACV, will have the vibration from the turbines or reciprocating

engines and the vibration from the air-screw thrusters. Of the

two sources, the air screw will generate the larger vibratory
forces of approximately 1 g loading with a frequency range
from 100 cycles per second to 600 cycles depending on the

operating speed of the craft. The planing hull will experiénce

VrER

vibratory forces from its propulsor and srall loadings but

2] agvsrad

of highexr [requency from the engines. The level of this loading

depends cgreatly on the design of the craft but can range from

(&

0.1 ¢'s to 0.3 g's with a range of frequencies from 1000 cps to

B e g

6000 cps.

Iv-5
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The iast dyvnamc motion encountéred by the cargo in its trans—

he supply ship in the ASA to the beachhead in the AOA

ct

sort from
is a vertical impact loading during the off-loading Qf the landing
craft onto the beach. If a surf is running the landing craft
wiil tend to heave as theisurf runs by the craft. This type of
motion is only involved in the planing hull case since the ACV
will leave thewater completely to unload on the beach. This
dynamic loading will be no more severe than the off-loading from
the supply ship to- the landing craft case.

The= dynamic loa®s that the cargo must withstand .during an
axphibious operation must be absorbed as they have been defined
by the cargo or the packaging and tie~down system must be capable
of altering these maximum loads to a lower QOre acceptable %gvel.
Eence any future materials paé¢kaging and tie-down. system must be
subjected to these loads without experiencing contents damage
before the system is deemed acceptable in handling the possible

environmental forces and conditions with a degree of confidence

of over 98 percent.

Cesign Criteria of the Cargo Tie-Down Systems

The cargo tie~down system must be designed to meet the

.

following requirements:
1. Positive positioning of the cargo unit or pallet in the
cargo well. The tie~down system must be able to main-
tain the cargo in place during the exposure of the

landing craft to vibrations and horizontal and vertical

V-6
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impacts. Deck implaced restrainer ma&'be necessary.

o 2. Retain thé cargo in the craft and maintain integrity of

. load during the broach conditions.

3. The tie-down system must be designed to -always
maincain a specified level of loading.

4, The caxgo tie-down system must prevent the build~up of
lateral static loads on the cargo. ‘

5. The lashing system will be universal for unit loads;
pallets and vehicles.

6. The lashing gear must bé capable of withstanding the
sustaned 3 g loadings for 5000 cycles at 1 cps and
the maximum g landings of 12 g's for 85) occurrences

per trip to shore.

C;iteria for the Design of Materials: Packaging Systems
1. The package must be designed to absorb the maximum
| vibration loads encountered during the one-way transition
; of the cargo the the AOA. The packaging must take this
i loading for-the time duration of this in transit phase
. of the operation.
% 2. The packaging material must be capable of absorbing
lateral impacts and still maintain the package's integrity.
3. The materials_packaging must cushion the cargo from
damage due to vibration or shock loads subjected to the
: cargo through the packing and packaging.

i ) 4. The packaging material must also absorb all vertical

Iv-7
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shock and impact loads, pretect the cargo and remain

- intact.

i 5. The packaging material muse be -capable of becoming salt-
water soaked and still perform its function.

6. The cargo units or loaded pallets must be capable of
withstanding both horizontal dynamic loads and static
loads frdom stacking and shifting cargo. -

7. The pallet design must have 4 natural frequency well
outside of the range of operating frequencies, and
where possible below the range of operating frequencies.

8. Maximum acceleration loading protection must be assured
in all cases of items with high natural freguencies since
the damage of items with high natural frequencies is

®
directly proportional to the maximum acceleration.
{ ' 9. Package integrity is maintained with damage to 30 percent
of the packaging.
10. The contents of a unit load or palletized oad must be
secured by the packaging system in such a manner as to
reduce the working of the various components of that

load.

Cther Factors in the Materials Packaging and Tie-Down System Design

k The material packaging and tie-down systems designs should

e w

account for the corrosiveness of the salt water environ-
mert.

2. The design should register levels of cpnfidence for the
strength of the packaging and tie-down items after

various siages of fatigue and random impact loading.

—
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' CHAPTER V
. REVIEW OF SHOCK AND VIBRATION CHARACTERISTICS OF EXISTING
TRANSPORTATION ENVIRONMENTS AND REVIEW OF PRESCNT AND

PROPOSED TIE-DOWN ANMD MILITARY PACKAGING SYSTEMS

V-1l. Data on Shock and Vibration Environment of Presently
Used Transporations Modes i

Packaging, packing and tie-down systems now in regular use
for ship, rail, aircraft and truck cargo movement have been
* developed in general practice to the point where they will with-

stand the shock and vibration environment characteristic of

. 1,2,3,4,5 . . .
these modes™'“’“/7 77, 7This general use environment then.provides

a performance baseline against which existing packaging and tie-
down systeias have been "tested".

Selected tables of this data are repmoduced in Appendix B.
Selected data in graphic form are reproduced below.

In evaluating this "use~test" data several points should
be borne in mind.

First, the exact results measurements of shock and vibration
in transportation modes are highly dependent on the precise

manner in which the measurement is made. Thus, for example,

.

Crede. Shock and Vibration Handbook
T

§

i

i 2Department of the Army Technical Bulletin, TB 55-100

! April 17, 1964: vTransportability Criteria and Shock and
|

Vibraticn.
Department of Defense. Military Standard Mechanical

Vibrations of Shipborad Equipment. MIL~STD-167B(Ships)
August 11, 1969.

4Department of Defense Research and Engineering. Index
to the Shock and Vibration Bulletins. February, 1968

5 See data in Appendix B,

V-1 University Consultants, Ins.
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packages, and so on.
Second, this use-test data should be compared, where
oossible, with g = load test data on packaging and tie-
down systems gathered under laboratory test conditions. Ag
discussed in following sections, existing tésting procedures.
.

for packaging and tie-down systems do not provide impact an

vibration test data in a form useful for accurate comparison

{i.e. g-loadings). Ideally, such test data should provide Zor

any item or level-A packaged commodity (a) the minimum single

Py

impact g-loading at which the item package is damaged, (b)
the minimum single impact g-loading at which the contents are
camaged, {(c) the minimum multipvle impact (e.g. 5000 cycies)
¢g-loading at which the item or wmckage is damaged, (d) the

ninimum multiple impact (e.g. 5000 cycles) g-lcading at whi.ch

zhe contents is damaged, and (c) similar data for each tie-down

sytem, including strength, fatigue characteristics and shock

load strength. As will be seen in the reviews which follow,

et

existing test procedures for items, packages, or tie-down

V=2
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svstems do not provid this kind of data.

Thizd, it can be assumed that, in general, many existing
tle~down systems have been shown through general use to ke
capable of repeated usage without failure under the shock and
vibration conditions characteristic of the transportation in
mocde in which they are now employed. Further, it can be as-

sumed that a typical item or level-A packaged commodity when tied

o

own inthe military specified manner will withstand a total

transit and handling experience which might involve for example

rail and truck transportation within the U.S., §hip or air trans-

portation to another point on the: earth and subsequent boat,

&ssault craft, truck and rail movement. Current practice thus

v

indicates that, under transportation environments encountered in
o

today's normal movemet of militaxy supplies and equipment, packaging
and tie-down systems now in use will at least meet the performance
criteria (a) the package is held on the vehicle, (b) the pack or
pallet is held together, and (c¢) the package contents are adequately
protected from damage.

Refemnce to the mode data above (Figs V-1 to V-4) makes
clear the varied character (in terms of frequency and intensity)
ci the shock and vibration use-test experience. That data
should be thought of in terms of the calculated data for thé
proposed new landing craft presented earlier. The reader will

recall that data included for each craft type and size in each

University Consultants, Inc.
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selacted sea state data on the intensity and frequency distribution

of impacts as the craft made its journey from the ASA to the

KOA.
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V-2. Packaging and Packing of Military Supplies and Equipment --
© Current Practice -

Anple general documentation exists of current military

. - - . . 1,2,3
procedures standards and tests for the packaging packing™'“‘~,

5 4,5

R . .
unit loading ’D,palletlzation, 878

. . . & . .
containerization”, cushioning

F=

. . 8., . . __.__8 s . .
olocking orac1ng8, anchoring of military supplies and equipment.

Purther for most classes of military commodities specific pack-

e

aging and packing standards exist. Test procedures for evaluating

. R | 10
package design and structure are also specified 9L .

lDefense Supply Agency,"Preservation Packaging, and Packing
of Military Supplies and Equipment."Packing Volume II.. DSAM
£125.2, October 9, 1967

2United States Army Materiel Command, Engineering Design
Handbook, Packaging and Pack Engineering. AMCP 706-121,
October, 1964.

3Departments of the Air Force, The Army, and the Navy,
and Defense Supply Agency. Packaging and Materials Handling.
"Packaging and Handling of Dangerous Materials for Transporitation
by Military Aircraft® AFM 71-4, May 29, 1968.

4Department of Defénse, Military Standard, Palletized and
Containerized Unit Loads 40" x 48" Pallets, Skids, Runners,
oxr Pallet-Type Base. MIL-STD-147B. April 30, 1968.

SEmberger, C. Shrink Wrapping. Sup. 0442, June 24, 1970

6Department of Defense, Mustin, G. (special consultant)
Theory and Practice of Cushion Design, SVM-2. May 1, 1968.

7Department cf Defense. Military Standarization Handbook
Package Cushioning Design, MIL-HDBX-304. November 25, 1964

8Department of Defense, Military Standard, "Cushioning,
2anchoring, Bracking, Blocking, and Waterproofing; with appropriate
Test Methods", MIL-STD-1186. Octobher 28, 1963.

9Joint Military Packaging Training Center. "Testing
Igquipment for Packaging Training", JMPTC BKLT 110, Scptember 1968§.

10See Appendix C.

V-~9.
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Pazckaging is specified in three levels A,B,C, Level A
i packaging is tnat designed to meet the most severe transpertation.
and storage conditions, and it is the only levelwhich need concern u
here. Level A packaging is defined as:
"Level A, Military Pack: The degree of packing
wnich will afford adequate protection during ship-
ment, handling, indeterminate storage, and world-
wide distribution."”
Test procedures now employed are described in Appendix B.
It is important to note that the criteria for level A
packaging desi¢n do not specify pexformance standards with
respect to either minimum single impact g-load which must ke
withstood without damage to package or to package contents, or
minimum multiple impact g-load which must be witbstood without
vackage or contents damage. The same holds true for packed and
{ palletized cargo units. Qualitative test procedures and qualitative)
instructions for package construction are specified, but data
so cbteained cannot easily be translated into the kind of g-
loading data needed for evaluation of package performance in
the new shock and vibration environments of proposed high speed
landing craft.
% the ideal case, the kind of data needed for the test
program prescribed herein would be of the form described below.

Since it does not now exist, it is recommended in Chapter V that

the test program include testing of packaged commodities.

V=10
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V-3. Q2ie-Down Systems -~ Current Practice

Tie-G.wn systems are used to secure and prevent shifting
of cargo while in movement between two»points via .suricce,
air and maritime transporation or any combination thereof.

Use of tie-down systems prevents or mihimizes damage to- or
loss of the cargo being moved and the vehicle(s) transporting
it. Such systems range from the carefully designed to the
"hit-or-miss" categories.

This section, and its. supporting appendices, describe
tie~down systems currently in use and, to the extent possible,
those currently under development. This section also presents
recommendations regarding tie-down systems to be included in
a test program prescribed in Chapter V developed to evaluation
of materials packaging and cargo tie-downs for the new high
speed landing crait.

This section will be devoted to discussions of tie-
down systems specifically employed in rail, truck, air and
water transport. tate-of-the~art information will be presented,

and developmental efforts will be discussed.

I. Existing Tie-Down Systems ' .

A. Truck Tie-Down Systems.

{
Tie~down systems used in the movement of cargo by

trucks over the U.S. highway network fall into the "hit-or-
niss" category that is, tie-down systems used on trucks are

left to the discretion and experience of the individual driving

v-12
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the vehicle. Insofar as could be determined through investigation
and inguiries, no industry-wide standards have been developed;
and, conseguently, tie-down systems in use for securing of the
same commodities or difierent trucks range fron the sophisticated
to the very simple. As might be expected, no tesing of tie-

down systems employed hyv trucking companies of significance to
this study have been performed.

. B. Rail Tie-Down Systems

The railroad industry, through its association, the
American Association of Railroads (AAR}, establishes rules gov-
erning the loading of commodities on open top cars--~cars on
which tie-down systems are extensively employed. These rules

o
are promulgated by the Operations and Maintenahce Department,

Mechanical Division, AAR. These rules are published in a

continually --updated AAR publication entitled General Rules

Governing the Loading of Commodities on Open Top Cars.

As stated in *the Rules:

“These rules have been formulated for the purpose of
providing uniform, safe and cconomical methods of
ioading in open top cars, and the material specified
in these rules for securing the loads are minimum
requirements. All of the General Rules and the
requirements for blocking and securing of loads as'
outlined under the individuzl figures are mandatory
and must be used unless their omission is specified
in the individual figures WL

I
o See General Rules Governing the Loading of
Commodities On open Top Cars, "Preface", p. 4 >

Vv-13
University Consultants{ Inc,
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The AAR rules categodbries as presented in the General Rules

G

. manual are as follows:

(1) General Rules (Applicible to Sections 1 to 7)2

(2} Steel Products, Including Pipe.

(3) Load Grading, Road Making and Farm Equipment

Machinexr

(4) Miscellaneous Commodities, Including Maéhinery

(53) Forest Products

(8) Department of Defence Material

(7) Trailers

A review of the General Rules Manual shows that tie~
down systems prescribed therein are commodity-oriented, (e.g.
Ingots, Rails, Road Roller, Logs, etc.) and that each system,
though possibly having a commonality of many elements, differ
{ in some detail fxom the others. A closér examination of the

tie-down systems depicted in the General Rules shows that they
have as a major element either steel bands, wire, wire rope
and/or cable, rods and bolts, chain or flat bars and plates,
or some combinatioﬁnthereof. The system may be "quick tie-
down" or require lengthy preparation. Steel bands used in tie-
down systems are used once and then discarded; wire, wire rope/
cable, chains, etc., may be used one or wmore times.

The AAR rules are not inviolate. They are subject.to

antendments, revisions or additions. This is clearly spelled

2When the dimensions and kind of ‘materials. to be used for
securing the load are not specified in Sections 2 to 7, General
Rules Section 1, which are to be carefully observed in connection

with all loading, will govern

V-14
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out in the AAR manual, with the mechanism for such changes

2 providing the foundation for the industry and Department of

(t

Deiense (DoD) test programs for tie-down systems. The AAR

T AT TR AT T T

manual states:

g WAL

"Shivvers desiring to deviate from the AAR Open Top
Loading Rules, or desiring approval of a method not
nov covered by these rules, must submit to the Sec-
retary, Mechanical Division, {[AAR], oxr the Chairman,
Comnitiee on Loading Rules ... drawings ... giving
plans), end and side views, with all items of secure-
ment identified ....

"Or. receipt of any submission ... the matter will

be transmitted to the Committee on Loading Rules

for their review and comments aftexr which the issur-
ance oi experimental load cords will be dependent on
thie decisions rendered by this Committee.

"Shipper, after having received authority for
erperimental shipments [will conduct experimental
load tests and maintain proper records for submission
to the Committee. The Committee upon review of the
records of the experimental load tests will determine
if the proposed3change will become part cf the
General Rules.]

Discussions with AAR personnel clearly emphasized that the
test program engaged in was a "destructive" type program' that
is, the proposed rule change was in many cases actually tried
in practice to detexmine if it is effective.

Unlike shippers of commerical cargo who work directly
with the AAR re rule changes, shippers cof DoD material desiring
such changes must submit such proposals to the U.S. Army Trans-
poxtation Engineering Agency (TEA), Military Traffic Managecment

ard Terminal Service, Fort Eustis, Virginia through appropriate

3Sup:ca, footnote 1, pp. 15-17.




channeis of the AAR. TEA evalueates such proposals using its

facilities and works in conjunction with the AAR in implementing

C. Maritime Tie-Down Systems

The leading manufacturers of tie-down equipments and systems
inciude Peck aad Hale, Inc., West Sayville, New York, Aeroquip,
Jackson, Michigan and Eastern Roadacraft, Easton, Pennsylvania.

Maritime tie-down aquipments are designed into

systzems for the various customers. No single tie-down

tem is avaiable that can be used by all shipping companies,

7]
g
w

although the systems designed for use by the various companies
are primarily composed of off-the-shelf items. The dominant
factors necessitating individually designed systems are the .

yoe of lashing gear to be used, the difference in vessel

e s

characteristics, ship loading standards and the nature of the
vackaging of the goods being transported. As is stated in the

Peck and Hale Brochure for Lashing Systems For Containers,

RO/RO, Vehicles and BHeavy Lifts:4

"The design of lashings for deck-storage of containexrs
cannot be dete. dned by any empirical formula. OQuite apart

rom the type of lashing gear and associated hardware, the

th

.

V=16
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:em. will depend upon many other factors which in-
fluence an adequate'securing plan and contain stow; ~-

--The strength and éonstruction of the containers,

--The G.M. oi the vessel,

--Ship's speed,

--roll characteristics,

-~The nature cf the container landings

--height of stock
will ail serve to affect the design of the lashing system."

Schematic¢cs accompanying the above-gquoted statement indicate
the diversity of tie-down systems that are in use for securing of
containers of like dimensions.

ILashing gear manufactured by Peck and Hale, Inc., has
traditionally relied upon the use of cable. One primary reason
for use of cable is the ability of the user to rapidly discern
whether the cable can be used for the subsequent voyvage or if
repalcement is required. (This is done by running a cloth over
the cable t¢ see if any broken strands or unravelling has occurred
during prior usage.) Peck and Hale further indicated that the
use of cable in tie-down systems is prevalent throughout the
maritime industry. Bowever, Aeroquip has proposed and engineered
an advanced method (designated the “Advanced Shipboard Chain
Tensioner Systen") for seéufing vehicles and other equipment
aboard ship. This system physically differs from Peck and Hale
gear in several respects: its use of chain rather than cable

and, further, of energy-absorbing pre-tension and tension load

v-17
University Consultants, Inc.
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cells that " . - permit the secured 'cargo' to live with the
nocion of the ship even under shock conditions.

t shald be emphasized that commercial maritime tie-down
systems are designed to be able to meet cargo weight require-
ments. That is, systems are usually designed to restrain a par-
ticular load  of x pounds rather:han to withstand the shock
and impact loads occurring during cargo movem.nt although the
systems will also withstand the shock and impact loads in a
norral situation. These programs to determine shock and impact
strengths cf maritime tie-down systems are rare. No concentrated
testing has been, or is being, performed by manufacturers, and
that testing performed is inappropriate to determine suitability
of existing tie-down systems to the proposed advanced lancéing

.
craft. However, test programs. have been conducted in cooperation
with DoD to obtain informatien relating to specific problems.

An illustration of such a test program in whick Peck and Hale
is involved is the Grade A Shock Tests Program being conducted

at the San Francisco Navy Yard, Hunter's Point. This program

[2X
]

being performed in support of the CVAN program and has as one

(o}
Hh

its goals the testing of securiry systems for weapons, etc.,
to be used in the CVAN. This test program is a "destructive”
program, and is still in progress. .
Inquiries were made of the Military Sealift Command and
various shipping companies regarding any test programs of tie-

down systems performed by them. In each instance it was learned

trat the eguivment manufacturer and/or test agencies of the DoD

“See Appendix D, Advanced Ship Chain Tensioner System,
"Description," Bulletin 5045aA, June 1970, Aercquip.

“e.g., paliet container, vehicle, etc.

v-18 University Consultants; Inc.
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were relied ﬁpon To0 provide tie-down systems adequate to the
Shippers' reguirements.

Because tie-down system manufacturers focus primarily
upon developing eguipment capable of restraining cargo in forms
of weight limitations--with an inherent ability to withstand
normal minimunr shock and impact loads—--the test proéram derived
as a result of this study must be designed so as to produce sys-
tens capable of meeting the unique shock and vibration lcadings
created 2y the proposed high speed landing craft weight

limitations.

v-19
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Air tie=down systems in use currently are, 1like

maritime systems, designed to meet the sgecifi§ maxiﬁﬁm environ-
mental and operational conditions that'égist for the vehicle
in waich tigy are e{ployed. The‘systeﬁs are easy to handle,
rapidly, with tie=down fittings being. 1ntegral segments of the
aircrafc structure. These fittings have rated - capa01t1es, that
¢é ultimate rated strength valués. Fpr example, the -C-141A
has available for use fittifgs ‘having rated ultimate strength:
values of 10,000 and zfQQ00~pounds,7

For each major aircraf: design the military has -developed
general rules for determining the number and positioning the
eleménts Of the tie-down systém to Be iused. These rules are
Yredicted upon minimum reéstraint forces déveloped‘fbr each;air—
craft type; and, as used,; permit.détermination of the num=
per tie-down restraihts required for ihe carge being transported,

(The minimum restraint fordes are force levels, expressed in

units of the force of grFavity, that the tié-down system must

o

e capable of withstanding. They ané devéloped for each air-

craft type and are -expressed in terms :0f forward, aft, lateral

and vertical forces.) These .are, however, specific tie-down
procedures that have been developed for certain items oxr
combinations of items.

As in the case of the rail and tguck industries, a variety
of tie-down devices are employed in restrairn’wg air cargo. The
most commonly used for military purposes are the D-1, C-2, MB-1,

MB~-2, A-1a and MC-1, with cargo freedom nets aiso used to secure

Laa hppc aix D, 7.0. 1-C-141A-9, Caxgo Loadlnq, USAF Series

C= JQJP ﬂlvcrafc A 33(657)-8835, AR 33(657)14885 6 April 1967
pPAYAGL{.DhS 2=70 to 2-85.
‘lbld Sce Scction VIB through Scction VIF.
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and.-"xéstrain cargo.

(Similax items are also used for commercial

purposes,) The D=1, C-2, MB-1l and ¥B-2 tié-down dévices both

require the -use of chain; the A-1A and’MC~l,deVices,‘web straps.

(Ahy of these Gevices can be used in éonjunction with cargo

., 2 9
tié-down nets.)

[N

1

Replies to inguiries regarding testing of tie-down systems

g

ad

revealed that DoD conduéts a continuing program; aimed at up-
ating general anéd specific rules already developed for existing
aircraft types ané to :develop rules o be applied to new:

10
t.

Hh

~gircra
Little information was available regarding tie-down' sys-

ters in Comiercial usage or commercial test programs. How-

eves. as most air ca¥go aircraft in.cémmercial usage 7

are of military design oOrigin, it is believéed that thé sys-

tems employed by DoD and commercial carfiers: are analagous

and that commercial carriers look to filitary tes:t programs:

Discussions with tie-down sysitems manufacturers and TEA and

review of available literature support this belief.

TI. Reyiew oi,ProQosed T%e—DoWn Syétgms

In brief, it c;n be said thatfew “tie-down systems of
the future" are on the drawing boards or undexr development by
manufacturerg of such systems. Manufacturers in general .do not
-engage in .advance design :0f new systems but rather await the

statément of specific requirements before assembling the required

systems. IEsscntially, new systems are made up of elements of

“oe Appondix B-4, Preparation of Freight for Air Shio-
ment, December 1969, DSAM, 4145.7, TM38-236,.NAVAIRLS-01-3,
APR 71-8, MCO P4&030. 30A, Section 1-19.

1&ee Appendix D, Military Specification, Air Trans-
portability Requirements, General Specification for, Mil-A-8421C
(USEF) 1§ hugust, 1969. ‘ i
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cid SsysStems reconfigured to meet the hew requirements. Manu-
focturers fecognize the desirability of impfoving -existing sys-

tems and equipmenis and develdping new systems.and equipments

rh

but "in the absence o sufficient capital resourcas" are unable
o engage in long-range plannﬁﬁg,énd'desigg_efférts.

Efforts devoted to changes in systems and eguipments .are
orimérily those in which the federal govérnment,.e.géJ DoD,
is the mgpr participant. ¥For example, sgaveral*Inc;u"rgjf.=3,(.:1;1'1re\rsi’i
tie-down eguipmentsare participating with the Department of

e Navy in performance of the Grade A Shock Test Program, .at

cl

ke: San Francisco Navy Yard.

el

In essence, the number of manufacturers of tie-down systems
axi -ecuipments is small and the companies themselves are gengpally

",

saail. The focus of the manufacturers is first upon manufacture

O
]
'
ol
[¢)]
H
o
0
o
b
0

ite system components (e.g., tie-down fittingsi;
lashings -- cable, wiré, chain, etc.; tensionérs; etc.) and
then upon their assembly into Systems capable of meeting

specified requirements: Design efforts are subservient to

v-22
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RECOMMENDATIONS FOR. A TEST PROGRAM
(6 :

The major point that this study empha51zes is the in-

T

H

(A rata

sufficient data for both the design testing and usage of packaging

< henry o AA ek
i

and tie-down systems for use in the new amphlblousxassault ianq

“

RS SR F e st 3 AN

craft. -Although there are many data available on various modes

«0f transportation, théy are inappropriate for this application.

;,

It is with this awareness that the following; recommendations are

-

made for the future testing .and design of packing:, materials

vackaging and tie-down or lasting systems. The following recom-

mendations are 0ffered in the form of the outline
(1Y Commodities to be tested
-

(2) Packaging to be testéd

GNx‘?J Rl yevs e g -
2 a” e R R s oh TR TS T T SR

(3) Tie-Down Systems to be tested

T

(4) New systems and concepts recomwended, for further
investigations
(5) Test equipment recommendation

v (6) Test Design, Methods and Evaluation Criteria

o Y

o et g %, s b

o o
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Vi-1l. . RESRESENTATIVE LIST OF COMMODLTIES
TO BE INCLUDED, IN TEST PROGRAM g

QriginA

An amphibioug assault may include virtually any combination
of Fleet ﬁérine Force Units. Thus the list below wé§uderivedhfrqu
a complete review of Fleet Mé;iﬁE'Fg;cévTabies of Equipment now in

AU |
efiect.

Criteria fox Shléctibn ofﬂitems-to be.Tested,
Representativeness: Items from e.c¢h major groiup of commodity
which might be carried aboard a landing cratt were selected.
Furthér, in somé cases, notably vehicles and €lectronic. gear, more
than oné fosm of a given item is ihcludéd when thosé forms are
judged to have potentiariy different shocks and vibration
sensitivity. Items which: were judged to be highily shéck ingensitive
(¢.g., an entrenching tool) were omitted.
Quality: EmphaSis has been given in the selection: 8f items
in a given class which are needed in large quantity for the
Mariné Force Unit's effective operation.
Criticality: Emphasis has been given to selecting thoge
items judged to be more critical to the effective performance

of a unit's militery function.

lThe tables o equipment are listed in "Index to Fleet Marine
Force Tables of Eduipment", A04G/mlc, 24 June 1970.
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t1ziine Corps Review: The following list includes revisions

gg, ! reguesteéd by the Xarine Corps after review Of the preliminary
A s ’

TH VS £

A List 0f Suggesied Commodities to be Tested

Electronic, EBlectrical and Communication Gear

3 : Batteéry Charger PP-3240A/U

) Control Radlo Set, AN/GRA-39

,1,610 séet, AN /GRC-125

Rgdio Set, AN/MRC=83, Truck Mounted

Radic Set, AN/PRC-77

Generator Set 30 KW, 60 HZ, Trailer Mtd.

Radiac Set, AN/PD Q—Z/-J

Pelephone Set, TA-312/PT

LelCDnone Set, TA-1/PT

‘TC¢ebvoewr1teh set, AN/TGC=14A-V

Converter, Telegraph-telephone signal TH-85/U

Switchboard 8B-22

qulo Set AN/MRC-109 .
Radio Terminal Sét - AN/PCC-1 '
Radio Termlnax Set - AN/MRC=135.

(Lo w g d i ”, " & ¥
T S T T O, R e TR R
RN 2 “ s R
v . 7

Sicakal

1 Vehicles

% Traiier, Cargo, 1 1/2 Ton, 2-Wheel, M105A2
-L 106 W 83 H 98 INS -
= o Truck, Platform, Utility, 1/27 4x4, M274A2
‘< ‘L 119 W 49 H 43 INS -
L Trailexr; Tanx, watexr, 400 Gal., M1l49
= -L 161 W 83 H 77 INS#
d Truck, argo, S ton, 6x6, M54A2C, W/O Winch
. W/PTO -L.313 W 98 H 118 INS-
Truck, tank, fuel serviciig, 1200 Fal., 2 1/2 ton, 6x6, M49A2C
o Truck, Ambulance, 1/4 T, 4x4, M718
' -L 150 W63 B 71 INS-
Trailer, Amphlb Cargo, 1/4 ton, 2 Wheel, M41l6
-L 109 W 61 H 42 INS-
Truck; Utility, 1/4 ton, 4x4, ML 2l . :
-L 132 W 63 H 71 INS- :
Chassis Trailer, 3 1/2 ton, 2 wheel, M-353
Truck, Cargo, .2 1/2 ton, M35A2C W/OW, W/=
-L 262 W 96 H 115 INS-
Truck Firefighting, 1/4 ton, 4x4, MOD 3088-1
-L 150 W 61 H 71 INS-
Crane, Truck Mounted 15 Ton
Crane, Shovel, Koehring Model 2N
MIL STD Air Conditioner - MAC 6V20

v

[,
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Truck, Wreckxer, 5 Ton, 6X6, MS43A2
-L. 310 W 97 H 86 INS-
Truck, Cargo, Articulated, 1 1/4 Ton, MS561
Truck, Cargo, 4x4, X 1/4 Ton. M715
Truck, Cargo, 4%1, 1 1l/4 Ton, XM705

Carriexr; Caxgo, Amphlblous, M 116A1, 188 1/8: ,

W 82 1y2, H 79 1/8 INS
Carfler, Cargo Armor, Amphlblous, M733
L 197 1/4 w 83 H 68 1/4 INS

etroleum, 0il, Lubricant§ .and Rélated Materials

(39

Fuel 0il Dlesel M.1l-F=1688%4, 55 gal. -dru
Subsistence and SibsiStence Related

Meal, Combat Individual, Ratioh, Operational "B" and Ration
Supplienent Pack

Food Container’, Lnsulated 5 Gal: GAP

Can, Water, Military, CAM type, 5 Gal.

Jug, Vacuum; 3 gal. CAP

Weapons/Ordnance Equipment

Launcher, Rocket, 3.5", M20AlBl W/E

Submachine Gun, Cal 45, M3Al W/E ®
Launcher, Grenade, 40 MM M79 W/E

Machine Gun, Cal. 50, Browning Ma, HB Elexible
Binoculars, 6x30, M 1321, W/E’

Telescope Observation, M49

Sniper Rifle, M40

Telescope, Battery- .Commander's, M65

Gunners Quadrant

Circle Aiming, M2

Howitzer, 105 nin, Towed, M101lAd

Compass, M2

‘Computer., Gun Direction, M18

Znmunition

Fx, VT, M514AlEl .
¥z, MT, 1565 R
Fz, MTSQ, M564

LAW

Blasting Caps

Pyrotecnics

7.92 Ammo

155 mm Howitzer Powder

82" Howitzer, Powder

Mines

Vi-4 :
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- Miscellaneous

Saw Chaln, One-Man Portable

Charce, Hyd:oqen Generator, MT-JOSA/TM

Pump Assembly, Expedient Refueler, Fuel chpen51ng,
Gasollne Drlven, ‘CAP 50GPM-81 TDH

Suit, Coollwg, Téxicological Adents, Protective, Coveralls

uantcrn, Kerosene

Lan+ern Set, Gasollne, Illunanatlng Equlpment

Office Supply Set, Field, Tyoewriter 11 in,

Lnsect Repellant; 75° Dlethyltoluaﬂldeu 2 oz. bottle,
Personnél and Clothing. application —DwET-

Tool bit, Mechaulcs

nthngulshe ' Flve, Dry Chemlcal CAP 4 1lb.

Watch, Wrist, Conplete

Ammonia Inhalant Solutlon, Ardmatic -10: Amputer-

Decontamlnatlng Apparatus, Power Driven, Skid-Mounted
Multlpurpose 500 Gal. MX2Al

Decontam‘n ating Agent STB

First Aid Klt General Purpdse

Calcalator, Bfinting Double, Independent Registers Credit

E° Balance, W/Automatic accumulation of tdétal and memory

Accessory Qqulu, Ga,ollne Field Range, A Pack
Torch Outfit, 'Cutt Ihg and Wela;ng

Compass, Magnetic, Unmounted Lensatic

Insecticide, 0.6% Pyrethrum Adrosol 12 oz. .spray can

VI-5
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FI-2.  Z.ickagine to be Tbsted

Each item or commodity in the commodity 1list presented

shovld initially, for test program purposes, be packaged

(o
V)
a1
'_l
f. de
0]
1
:3‘

vith military standard level A ‘packaging as prescribed. ih the
Dackaging standards for *that item. Further, packages and item
snould pe packed, unit loaded, palletizéd and containerized in
accordance with the prescribed military standard procedures for
;n't iterm. Thus the testing program will Feveal those areas in
which packaging, packing; unit loading, palletization and con-
tainerization procedures will need to be modified and strengthened.

VI=3.. Recommendations: Tie-=Down Systems for Test Program

Ir determining tie-down systems to be tested for their
abiiity to meet environmental and .operational conditions )
imposed By the proposed new: landing craft; a series of major
criteria must be considered and validated these include:

~—-Zase and rapidaity of handling

--3bility to be used repeatedly (if possible, for the

duration of .the assaul* &nd suppori waves)

-Flexibility, enabling a system, with minor adjustments,

to be universally applicable to all cargo being trans-
ported. )

--Ability to maintain cargo position integrity during

movement from the ASA to the AOA.

-Base and rapidity of inspection

—--Positive-positioning ability

--Ability to maintain constant tension on all system

components.

-

“it should be determined if cargo units can be configured so
as to permit the'desired flexibility to be achieved.

Vi-6 University" Consultants, Inc,
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‘The review of existing tié-down systems indicates that
there is an inadequate data b.se upon which to determine 4if

they méet oné or more of the foregoing criteria and that many

L} . . g . . L. » ] )
of the existing systems will nct meet MaNY . of the ériteria

list. For example, in preceeding sections of this study it
nas been pointed out that shock and vibration data developed
in various test programs involving existing tié-dowh systetis
are not adequate to permit détermination of the System to
withstand repeated usage -during which they will encounter the
shock and vibration loadings calculated as Being created by
the proposed landing ¢raft. Further, many systems patently
are not designéd for ease and rapidity of handling. Finally,
there is nd systém that appears to méet the universality )
criteria or to approach it.

Thus, it is our recommendation that manufacturers of tie-
down syastems -and eguipments be an integral part of the testing
team ard that their role be in determining if a system capable
of meeting the prescribed criteria is feasible and, then of
designing the system or suitable alternative system(s).

Vi-4. ©New Systems and Conceépts Recommended for Further
Investigation N

It is recommended that in addition to testing existing
packaging and tie-down systems, the proposed test program
include the systems and éoncepts described below. Each of
these proposals iIncorporates particulas characteristics which
would. appear to be particularly appropriate to the shock and

vibration environment of high speed landing craft.

VI-7
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Vi-4-a. Energy Absorbing Pallets:

These might, for example, bé injection molded: of a
resiliant plastic material in a standard size and shapé. They
should be able to deform or impact and then self-réstore to
their original shape .and strength.

Vi-4-b. Shock-Attentating Tie-Down Mechanism:

Such a tie-down systam should have th. following charact-
éristics: It should be able to maintain cargo position with-
dut $hifiing or movement under the highest shock loads anticipated
in landing crait operation. It should be able to "give" so
that impact loads can be dissipatéd in: the tié~down spring
rather than be directly transmitted to the.cargo as is the case
with rigid mounting.

Vi~4-c. Shrink Wrapping of Unit Loads and Palletized Cargo:

This process should be tested to deterfuine the appropriate
strengith wrappihg plastic to be used in high speed landing

craft applications.

VI-4-d. Nylon or\Dacron Webbing and ?ppper:

Used extensively in\éir cargo tie-down and to a much
lesser extent in shipping.These systems have advantages of
light weight and ability to "give" and absorb part of the
inipacts received by cargo (nylon webbing is more resiliant

than dacron in this regard).

Vi-4-e. Quick Take-up Units:

Such units would remove any slack which might develop
in the tie-downs and could insure & constant minimum tension

on the tie-downs. This would minimize the likelihoodof caxgo

movenment.
VIi-8 University Consultants, Inc,
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/ VI-5. TYest Equipment Recommendations

The enviroaméntal loads imposed on the -assault cargo:

Ml (see Chapter IV} require a variety of teSts to be performed

over the range of frequgncies comprising the environmental
loading fFactors.

Specifically two test pieces .of equipmentwghouid be
utilized in the testing of the materials jpackaging and tie-

down system§. The fi¥st is a heavy duty shaker capable of

taking a fully loaded pallet or container .and vibrating it

through the range of vibratory forms given in Chapter IV.

{yg oy ety L

‘This. particular testing will be to evaluate the packégihg

E” material, packin§ and unit restrainers.

b The other type 6f test equipment required to adequatefy
test the tie-down systems 1s a large mechanically driven
testing platform to which the loaded nallet or unit cargo can
be lashed and again tested over the range of load and vibration
freguencies found in the environment. This machine would be

. ideal if the test bed werc actually a full scale section of

N

the Xanding crafts cargo well deck. The size of the loadings

I

and the mass of the cargo palle* and deck structure will

necessitate this testing machine to be quite massive with '

T R

large energy supply.

‘0 The only other tests required are the drop-type of shock

tests to evalv.te the materials packaging and packing in its

o ability to meet the high 30g shock loads found in shipside impact
or cargo well deck impact,

See the following attached list. of existing testing equipment.
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YAZ TElcliax O ChLs PEGE alil wes SUCCEEHLInYg 3 nave Dew..
feprodaceyu Irol the Dopactment of Defense, Military Standaxlization
¥andpoc.: racsace Cushlcnlng Desmgn, MIL-HDBK- -304: Nov. 25, 1964

TESTING EQUIPMENT LIST .

6.1.2,2,2 Vibration exchters.-~The cwo types of vibration:
exciters that are uscd for tests of packaging materiais*are'kl)>thé
éirect dwive mechanical wibration machines and (2) the electro-
dysanic vibration machines.

$.1.2.2.2.1 Mechahicallydriven vibration machines.=-One type
-of machine, qtilizing the reaction principle, emploxs.glset‘of
tabalanced masses mountdéd on godnter-rotating,éhaftg, Machines:-of
this type are capable of producing rectilinear motion involving .

seuk accelerations up to 20 g over a frequency range of 8 to 100

The cam-driven machine,.which is most commonly used in packag-
ing testing, consists éssentialix of a table driven by .an electrica)
motor through a linkage system employing rotating cams..or eccii.-
trics (fig. 6-7). Machines of this type are capable of describing
circular, rectilinear (unidirectional), or elliptical motion in the
horizoatal and vertical ‘planes through a frequency range of 1 tc
10 c.p.s. at 0 to 63 g (peak acceleration),

soth of these machines are relatively low in cost and are

rticularly adapted to production .of low frequency motion having

'
c.:
rr
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: Frch Deﬁarunen+ of Defense: Mlllyarv Standardization Handbook
! ﬁ\ Pockaqe Cu n*on*ng Dp;;gn, MIL- hDBK—304 Nov. 25, 1964.

4 :

6:1.2.2.2,2 Electrodynamic vibraticn machines.--This. type .of
vibration machine «(£ig. 6-8) uses the electrodynamic method of
. ) force genevation. The force causing the motion'is p;odgced by the
interaction of current flow in a drivet coil and a strong magnetic
field produced by an electromagnet. ;A'mognting.tablg that is
igié}y attacned to the diivinglcoii\is supported on the machine
body by a system that allows movement of the ¢table only in a plane
nottal to its surface. The éxciting signal may be obtained from a

sinusoidal signal generator, a random hoise generator, or from .a

| ‘ magnetic tape recording of an actual énvironmental condition.
This input signal s .amplified in electxronic power amplifiérs and

applied to the driving coil. Frequency response compensation and

cyéling control circuits are necessary., For more detailed informa-

tion on electrodynamic wvibration systems, see reference (55).

Zlectrodynamic vibration machines are complex and costly bat

are capable of operating from about 5 to 3,000 c.p.s. or more,

‘ vith displacement amplitudes up to 1 inch. Maximum accelerations

as high as 125 g may be obtained.

\

o an en
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From Depasment of Defense:

Military Standardization Handbook Package Cushioning Decign,

‘MIL~HDBK-304, Moy, 25, 1964,
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Vi-6. Testing Design and Evaluation Ciiteria

The packaging and tie-dowh systems must be put: through

a series of tests which will ¢ompletely simulate the damaging

during the amphibious assault operation. Thé féllowing criteria

-environmental load factors these systems must -aécommodate

should be used: .

1.

Vibratory loading of the cargo unit or loaded pallet
over the range of frequencies at the maximum sustained
loading level for the maximum time duration plus the
excursion to-‘the peak loads. The packaging should
then be Stripped down for-wvisual examination and
determination of damage .

Shock loading of the ¢argo unit or pallet with the

réquired acceleration loadings. Stripping down &f

packaging and -examination for -damage.

Complete testing of lashing or tie-down system on

the heavy duty test bed covering the range frequencies
and the range .of g~loading at these frequencies.
Simulated horizontal and vertical shock or impact
loadings on the cargo and its tie-down system for
loading up to the maximum wave impace loading eépected
for the occurrence of 10 percent of the operational
cyclés considered for the life of the tie-down system.

Deterrine the degree of confidence of the structural

strength of the tie-down system over a range of cyclical

loadings of the design load from 0 to 200,000 cycles.
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< 6. All design criteria should have a factor of safety.

e o

TRy LT

"of 2 with higher factors: used when necessary.

f ‘ 7. All systems must be rated and -evaluated on the basis

o of those factors shown listed in Chapter IV and

| — . sections (11) and (12) of this chapter.

8. Specific attention should be focused upon the new systems
and concepts. suggested in sectiron. (IV) of this Chapter.

9. All tie-down systems surviving the 200,000 cycle

: f level should be desStructively tested to determine

the remaining strength and #erify the accuracy of the

level of confidence figura.

2 The tests to be performed on the tie-down and packaging

E{ systems and the presentation of the test data are given in the

following figure. The description of these tests and the test

TR T TR
-

& ’ data in the chart are discussed thereafter.

It has not been within the scope of this study to review all

TR

i ‘testing facilities in the U.S. to assess their suitability for the
proposed program. However, review of some test eguipment and

) facilities supports the conclusion that, in order to test all the

items listed in the commodity list presented earlier in this

TR SRS

chapter, some modification of ex.sting test equipment and/or

construction of new test equipment may be required (e.g., large

TR e

shaker tables exist but their frequency range of operation is

T T T AN

usually much higher than that required here). Accoxdinaly our

T
e i et

tentative estimate, after brief discussion with one testing organiza-

cco¥h e

tion, is that the cost of testing th entire commodity list proposed

oyl e

would be in the vicinity of three to four million dollars.

dsci
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ITEM OR SYSTEM. TEST CHART

- measure the range of lateral and lonh-
gitudinal movement of the load when
tied down on test-bed

~ the measurements will be in feet and
inches of movement from the initial
tie-down position

- data presentation: ¥ ft. and inches from.
median position

Constant Tensioning

- measure the constant tensioning .and
maintenance of tension of each tie-
down design .and configuration when the
cargo unit or palret is tied down on
the test-bed

o

- the measuremeént will bé in lbs. plus
or minus oVver the initial tension
value

- the data ~resentation: & 1lbs. of
tension about theé given 1lbs. initial
value

HMaintenance oI €argo -

- the unit load, pallét or container does
not fall apart, the cargo stays packaged
together

- this test is gualitative; is, after the
vibration and impact tests, the.cargo
still tied together in a wunit

Zzsa ané Rapidity of Installing

- the speed of attachment and detachmént
of the tie-down system

- the measurement will be in seconds, the
time to install .one piece of tie-down
equipment and the time for tie-down of the
entire cargo unit

( - the data presentation: time in seconds
for set-up of unit and system, time in
seconds for breakdown of unit and system

VI-17 Univergity Consultants, Inc.
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ITEM OR SYSTEM TEST CHART (Coht.)

1 Flexibility -
- the qualitative evaluation of the tie-
) down system in tying-dowu different
- types of .loads

~ how adaptable is each tie-down unit
-and/or system in holding different
loads

-~

i
Prp—_—

- the data presentation: the measurés
will be qualitative and judge the
relative flexibility of each type

LELFRAE by
3

G
S T

Inspectability -

- thé gualitativeé evaluation of the tie-
down system relative to its inspec-
tability should be a comparative .ap-
praisal of each unit on the job
inspection properties

G A I T T T I, TTIWTI
- . waw -

2 - theée data presentation: ré;ative\hp—
: : praigsal of the instectability of each
‘ unit being tested

i « ’ Corrosiveness -

- .are there any ferrous metals in ‘the *ie-
down unit or in the materials used in
packaging

Khiks

- is galvanic corrosion a problem

T R T

T

the data presentation: yes or no to
the corrosiveness, what strength fac-
tor must be assigned to the ¢orrosion -
of thé) unit over its life ;

ot pa

L4

.

Load Factor - Vibratory

- the vibration test for each condition
must be conducted in such a fashion so
as to create a continuous envelopne of
acceleration wversus frequency for the
range of interest. The test acceleration
spectrum ‘must have the amplitude content
to generate the required (1/1.00) en-
counter statistics.

R T T R TR T I
e A i 2 gt e s

b Aidkena

- . 2
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Load Factor -

-~ probability of failure v§. -failure age,
- log of acceleration amp. ° valog of nd. ‘

TTEM OR SYSTEM TEST CHART (Cont.):
the data presentation:
- acceleratmon vs. frequency
of cycles

Imvact

-

- the impact or shock tests must generate
the acceleration magnitude for the
range of time duration indicated. The
dominant frequency of the impact must
be ‘within the range -of frequency in- ;
dicated. This can be .achieved by im- D
pactlpg against specific bed plates ‘
with' the requlred frequency.-as its
naturaf frequency

1}
e L g LA A g

i

fesbiota

. N
2L,

- the data vreseptation: the data will !
be diven in the same form as for the ;
vibration tests . : E

it Cobpee e

PR R T ST

ik,

VI-19

R B T R e e S B R o i TR Y, e a

PUREVEIEN

MACrE s

University Consultants, Inc.

‘
. &k—’-‘p—m» AR3
T A e

et ATt

T




v Mg e P TR A e AR S by e S B R

AR TR R T T T TR T TR Y (78 ST s e g

ty Consultants, Inc.

.

lversi

Un

Appendix A

Background Data on.ﬁoading'Craft”Calculations

-
o




Appendix A Background Data on :Loading Craft

Calculatims

A~L DAALGP Craft Descriptions:

Noz:ce:

Designation

C-30-50
P30~35
P125-35

C150-50

Craft Dimensions

Cargo Space

48'x30,5'x16" 37.5'%9.5"
60'x14.5'x17.2" 47.5'%9.5"
75'%22.5'x12" 45,917
87:9'x47'x23" 66'x27.3"
97:.5"x48'%23.3" 66'x27.3"
150'%30"%20" 100°'x27.5"

£y

Tayload

(1bs.)
30,000

30,000
125,000
150,000
150,000
320,000

- ..~
--411 ACV are assumed to have standard bottom and shirt configurations:

--211 planing hulls are assumed to- have the inverted V bottom, the

angle of negative deadrise being no more than 10 degrees.

A-1
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A-2 Deflectio§v?f thea .Ship gi@é: 3

"o The deflection of the shell of the supply ship 'j ) ‘%

' to a concentraited load at the cehter of a panél in the side A E

) . of tHe ship cah be givén by the following forXmuia. The maximuid %
deflection will be:

W= 4Pa°/f,41_sx (ref 17)

Waere K = E£>/12(i- ) %)

"3

Y

B and E = 30 x.106 (Young's Modulus for Steel)
E ¢ = the piate thickness = 0.5 inches

!

= .0.03 (the Poisson ratio for steel)

P = the concentrated load 3

a = the short span across the side shell panel

- = assuwed value 3 feect *
3 b = the lonyg span along the side shell panel
A
, = assumed value 12 feet.
2 W = sidé shell deflection assuming a simply :
3 §
E . f = H
o supported panel. ;
£ ;
5 3
: For a thé cargo load; the concentrated load acting on the 3
o - :
[;g panel. can be found fxom the ecuation: ;.
' g :
‘ 3
3 (rEf 2) g
F 3
4 2 A
2 2 Y . 2
! P=W_ + ¢ W'+ =—Er .
4 C
3 g 4
T 3
2 . §
) W c= weight of cargo %
¢ k = side shell spring constant ]
5 ]
s .- . - . . e 3
A Vo= velocity ¢ Lnpact = 10 f£u/sec. 3
2
A g =-gravitational constant - %
3
A 4
= y
o CA-2 . . 3
i : Unaversity Consultants, Inc. B
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Since the impact loading and the resulting adceleration

will be worst for the lightér loads which deflect the Sfde shell

the least, a 7 ton load will be uséd as the envelope design 3
criteria. ‘f
D L4 3 :

k= — =7b K/4a’ . a

twhere K = ,2-x\lQ4 ft~lbs. - o

or k = 180,000 1b3/ft for the side shell panél.

2

Calculating the concentrated 1dad; i
) , E

] Y ey - - O !

P = 4000 lbs 4/4000” + 160,000 x 4000 x Y0ft/sec §

\ > - ~ o ’32’. 2. EEr Y e J;

= 4000 ibs + 14,700 lbs = 18,700 1bs.

%

A

The deflection of the side shell is for this load, ¢ 4
(' = 1.63 inches :

A-3 Shock and Impact Load_ Calculations 3
The equation of motion of a package: item .can be written &

g

as: :

’ A
1) 4

MS =-K'd + Mg :

for a package being.dropped at the moment of impact; where 3
M = the mass of the package . 2

d’= tha acceleration of the package on impact 7

K'= the spring constant of the outer packaging 5

¢ = the gravitational constant :
Solving this equation as is given in (ref 4) pp. 41-5-7 the é
1
following equations are arrived at. g
1

¥
k'{

A-3 !

J
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n1= 2.., g[(':rg) max - -,]2 c'\i

X
¥
he

[ N
A -
and (¢g) max. ¥ 2h/’c(max< ’ ’
The equations can be solved for he maximuem acccleration
,, 0f the impact and the natural dominant frxoguency

knowing tre impact deflection and the cpoed of the impact
or the eguivalent drop height "h".
L}

Using these equations for the deflect of 1.3 inches of

the side shell panel and the input velocity of 10 ft/sec.

The ¢ load will be approximately~30g's and the dominant

natuml frequency of the impact is 15~16 cps.

T AT T, LT
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A-4 SJDDL -Ship Off-ioad Lateral Impact

- 'The first dynémic loading: encountered in the amphibiou$
movenment of carge is the problem of the .cargo unit or p@liétized~
load striking the side of the Suppiy ship. The impact of ‘the
cargo with the side of the supply ship results ﬁrom~ﬁhe pendulum
action of the carxgo stung from the unloading boom or crane. The
najor component of the pendulum motion comes from the rolling of
the supply ship. The magnitude of this pendulum action can be
Getermined as follows. Typical roll periods for varidus supply

ships areas=follows:

Supply Ship 201l Period:
AKA 112 5.6 sec.
AX2 113 13.7 Sec.l
APA 248/249 12.6 sec. .
- The values of 10 seconis roll period and 15 seconds #6011l

veriod will be used to estimate the approximaﬁe magnitude of
the impact .on the side of the supply ship. g

Thé angular velocity of the pendulum motion can be cal-
culated from the formula:

. 21T\
UJn—\—-,F-/é)

"™

1

where @ = maximum roll in radians

T

period of roll in seconds. .
The roll velocity of the end of the boom is:
= W, ¥
where r = the radial distance from the center of floatation

of the ship to thsend of the boom.

lTc,ch cho t H19-69. Final Report: Analysms of the Large

pallet Concept (S14-17) Amphibious Assault Landing Craft Program..
San Francisco Bay Naval Shipyard. 30 June 1969.
‘ . A5 T, .
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This roll velocity can be broken down into its twd components, é
the horizontal velocity parallel to the water surface and the ver-
tical velocity perpendicular to the water surface. Assuming the

roll velocity of theship's side is. small in comparison to the

’
A}
»
e ed AN s (R e f e

cargo's pendulim velocity, the following velocities for 'ship side
impact are derived:

RO1l period 10-%5 seconds

PR A, R

~
s

Roli angle 5-10 degrees

CRR LT

Radial arm r = 100 feet.
Wa = (BD)(19)(,or7) =0:108

T T P

The horizontal and vertical velocity of this pendulum motion is:

d i #

Vionzowrar. @ ‘\'Lgé x M 3 {

&

‘\beghcny = Qé?& X V&: " j

- =
1 wheré VCG = the vertical center of gravity of the cargo 1

| above the centerline f
OCG = the outboard distance of the center of gravity %

of the cargo from the centerline of the ship. ;

These two velociﬁies for the roll aagles .of 5 and 10 degrees

are, assuming a 60 degree boom angle:

&

Ve LY ]
4 E
g 10 degrees roll motion 9.8 ft./sec. 4.60 £t./sec. :
< with a 10 second roll
i period

RO 0 e,

The values for r, 0CG and VCGC were scaled from the profile

~
R Bt 12 e g s T i i & — ~

3 = plan of the AKA with the heavy load booms. directed outboard at
60 degree angle. The worst case was taken as the 10 degrees

of roll motion and a 10 second roll period. The resulting

A- . .
§ University Consultants, Inc,
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2 .
g | | | |
2 ;A velocities are quite high, in particular the horizontal com- v
Z i o sonent with would create a lame g loading laterally on the cargo ;
; ‘ Q'N7 if the pendulum motion weré unrestrained. The acceleration of é
i this impact and thg dom;génﬁ-ﬁrequency\of the impact as given : f
‘ by the equatias developed in Appendix-A.for ' -« . . . 7o ) 2
i ; the loading acceleration and the deflection on the side shell
; ' ¢
{11 .of the ship are: ‘ . g
3 i Deflection of .@a ship-side shell panel due to a T é
& ! 3
- 2 ton cargo load ifpacting at 10 fi/sec. with the i
é 1 side of the ship is approximately 1.3 inches on _ ) 2
; a 3 foot by 12 foot shallﬁpanel. E
i ﬁ The 2 ton cargo unit is used as the more extreme case ' E
3 i since the acceleration of the cargo load increases with a 5 %
E decrease in deflection of the side shell upon impact. Thus: : ;
% ’ a2 2 ton. cargo load was taken as being representative of an ;
; (‘ upper limit on & deSign criterion, envelope. f
‘ N
3 The acceleration and dominant natural frequency as cal- i
4 culated by the éguations given in the Handbook pf'Shéck and % :
; Vibratias and Appendix A are: ‘ %
% The cargo unit or pallet acceleration load on impact ‘ E
. . . &
: with the side shell of the ship during an unrestrained ’ E
% impact can be as large as 30 g's with « dominant }
; frequency of 15-16 cycles per second. x;
3
?’;
'jo;
A-7
3 University Consultants, Inc.
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A-5 Cargo Tmpact with the Landing Craft Well Declt

[N

$he next damaging situation. enuvountered by the cargc during
its transpori from the amphibiousfétaging area to the amphibious
objective area is the impact of the cargo with the cargo well
deck: 'This situation car be a very severe situation if the supply

saip is rolling toward. the side the landing craft is on while

descending at full speed and the 1landing craft is heéaving and

pitching upward at its maximum rate of movement. The combined

rotion in this case will present the most critical case to the
safety of the cargo, %he most danderous in the damdge and

breakage of &he‘cargo.
The motion of the supply :shp that will predominantly affect

ihe magnitudé of the loading will be the rolling motion of the

>

ship. The eqguation for vertical velocity component was given

in section III~1 as:

: oo
)y,/., = 5
w 3

V,

where OCG. = the horizontal distance from the centerline

of the supply ship to the center of gravity of
the cargo.
r = distance from the center of floatation to the
most outboard pully on the jib boom.
V, = roll velocity of the outboard pulley on the
end of the jib boom.
Vv, = velocity oI the jib boom normal to the still
water surface.

The motion of the cargo hook enters into the impacting of

A-8
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the cargo packages with thée floor (dec¢k) of the landing craft’s

cargo- well in that-the velocity of deséent of the hook adds into
Q -! the overall impact velocity. The hook velocities for various loads
¥ ’ . 4

.1 .
are as follows: , e

Load in Tons Veloecity of Hook

0~2 5.58 ft:/sec. 1

2~4.5 2.62 ft./sec.” ) '
4.5~15 0.67 ft./sec. - ’
15-4¢ 0.61 ft./sec.

40-70 0.39 f£t./sec.

Qe

DTS

The variution’ of the descent speed with the load weight

becomes important,in the impact calculdtion. ‘Thée interesting

R kel B i

factor with this systefn of reducing the loading .descent rate with

the load weight is that the heavier loads can generate a greater

displacement of the well -deck both structurally through the

deflection of the well decksstructure and dynamically through

the increased displacément of the landing craft. Thus, the

ooy

( heavier load will expxrience smaller accelerations through the

o e
g

idwer descent speeds and through the greater displacement upon

ok e s e g

impact than will the lighter cargo pallets.
The landifig craft when positioned alonggide the supply ship

uch as the AKA experiences the full effect of the sea state in

[0}

the amphibious staging area (ASA) while the landing craft being
loaded in the wéll of supply ships like the LPD, LSD, and LHA

will iIn most cases experience a much different sea state, in some

IV

cases much more severe. The problem of loading within these

73t

ek et e e o s

latter well-type ships is solved by mating the landing craft

to the ship. The motions of the landing craft alongside the

1Tech. Rep. H19-69., Final Report: Analysis of the Large
Pallet Concept (S14-17) Amphibious Assault Landing Craft Program.
( San Francisco Bay Naval Shipyard. 30 June 1969.
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supply ship will be taken as the worst condition =xperiznced in

the operation, assuming that for well operation of gréater severity -
the 1anding~draf%.can be matéd to thé supply ship befire the loading

takes place, thus eliminating thé craft's motion and reducing the_
problem of cargo impact. damage. .

A landing craft or 'station for off-loading from the supply
ship will bé subjected to the prevailing seéa state in the ASA.
The landing craft will be at zero -speed relative to the groundr

and the supply ship as well. Only in unusual circumstanceés.

will thesupply ship bé moving through the water while the un-

‘Phe motions of a landing craft

T

loading operation is in progress.

ACV or planing) wild be the most responsive for the .conditions.

s s

that the Wavelength of the dominant wave structure is equal to

the length of the landing craft. These conditions can be ;

Gefined as follows: §

‘When the gﬁi = 1.0->1.1 (rahge of valués)

where Ac = wavelength of the dominant ‘wave structure
present in the ASA (from crest to crest)
Le= iength on ‘the waterline of the landing craft.
The motion of the landing craft will range from:

Heave of Craft (He) = 1.4-92.2 (range of values) times
"heave amplitude” H,; of the dominant
waves, for the landing craft's heaving

motion.

Pitch of Craft (@) 1.4->%.6 (range of values) times the
"pitch angle"@uof¥ the waves, for the

landing craft's pitching angle.

-
O A o,

Assuming a sinusoidal wave form for these calculations to

simplify the determination of the vertical heave -and pitch

A-10
University Consultants, Inc.
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notions, the following heave and pitch velocities can be en-
countered at the bow of the largest landing craft in sea-state 5.
The motions of the largest landing craft; the 320,000 1lb. design,
are used in this calculation as being represénfative of the upper
limit on the design envelope since in séa-state 5 the scale of
tandingcraft length to wavelength is approximately i.O. The
average wave heights are given in Appendix A for the range of
sea--states from Beaufort 2 to Beaufort 5.

Using the equations for the greatest expected wave leights
given in Appendix A, the following heave and pitch motions of

the craft are found:

7.0 = 15.4 feet

it
Y
L
[\S)
"

Landing Craft Maximum Heave Amplitude
at Zexo Speed in SS 5

1.6 x 4 degrees = 6as4 degrees

Landing Craft Maximum Pitch Amplitude
at Zero Speed in SS 5

The vertial motions of the landing craft due to the com-
binea heave and pitch motions are as follows:
Maximum Heave Velocity = 6.0 £t./sec.
Maximum Pitch Velocity = 2.5 ft./sec.
at the Bow of the
Craft ;
Combining with these velocities the maximum hook velocity for
2 2 ton cargo load and the vertical velocity component of the
supply ship's roll induced motion, the maximum contact velécity
of the cargo unit or palletized load is found:
Maximum conbined velocity = 18.68 £ft./sec.

Calculating the contact load on the cargo well deck of the

loading craft using the calculation for the 3 foot by 12 foot--1/2 inch

A-11
University Consultants, Inc.
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thick panel in Appendix A but changing the impact velocity to
18.68 ft./sec. and leaving the spring -constant at the spring
stiffness fer the éteel»plating on the cargo deck.

The concentrated contact load will be 19,000 lbs. )

The cargo deck deflection due to this concentrated load
can be as much as 1.75 inches deflection if the load strikes
on one corner initially.

The acceleration loading on the carge unit -at this speed
of impact and deflection will be 25 g's with a dominant fre-
guency of from 12-15 cycles per second. The equatioms found in
Appendix A were used to calculate this acceleration load and the
freguency.

Tﬁe cargo in the off-loading process can experience very
large g loading if the pendulum motion induced by the roll pof

the supply ship or the rapid descent of the cargo onto the
A-6 Sca State Data: (partial listing) (ref. 3)

Beaufort Scale Wave Period Wave Height Wind Speed
2 5.9 sec 1.3 m 5 Knots
3 6.0 " 1.5 9"
4 .. 6.1 " 1.7 m St
5 6.6 " 2.1m 8"

Wave Velocity Equations:

(first order approximations)

Condition Equation

Shallow water Vw =\/gh
Deep Water Vi =y glw[ -

.

)

where Vw = wave velocity

1l

gravitational constant 32.2 ft/secz-lbs.

water depth in feet

L]

> 3 oQ
i

W = wave length in feet

‘ 7 = 3.1416 constant
A-12 Universit¥-Consultqnts{ Inc,
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- A-7 S.atisticcl Wave Height and Amplitude Equations (ref 3)

Average apparent wave height:

o e 2 AT ot
-

o 72
nw a 2 .58 = 1.77(2E)

Average amplitude wave,

LA AEE ooyt

N [/
] ';;a = 1.258 = 0.386(213)/‘

One third highest wave height:
; - Ve
(hw)l/3 = 4.06 = 2.83.(2E)
One Tenth Highest wave height
. 3/
(h = 5.1E = 3.60(2E)"

RS ‘v) l/lo * das
The greatest expected heights of waves in N .encounters:

, 4,
N = 100 He = 6.5E% = .4.56 (2E) *- .
s Uz ’ 2:
N = 1000 He = 7.7E = 5,46 (2E). :
- I/L ,"2 * >£
N = 10,000 He = §.9E ~ 6.28 (2E) ]
e

where E = area under the ehergyv spectrum

{ hw = wave height from crest to trough 5
5
) HG n greatest expected wave in N encounters %
A-8 Calculation of the Wave Length from Wave Period Data ;
Speed of a wave in deep water ;
L L
Period of wave = vw = 0 = ;
) \/gL:n./ 257
Length of wave = L., = Period Vrg%;;. . %
, ;
¢
L.
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B Sea State Beaufort Wave Period Wave Height Wave Length

\ 2 5.9 sec 4.26 £t 79 ft
3 6.0 " 4.91 ft 81.5 ft
4 6.1 " 5.58 ft 84.0 £t
5 6.6 sec 6.9 ft 98.5 ft

The wave slopes can be calculated as:

wave Height )

Wave Slope = tan ( wave Length

Wave Slopes range from 4 to 6 degrees

A-14
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TRANSPORTATION ENVIRONMENTS.

The most Camaging environmenis encoun-

tered by packaged items during transportation

are shock and vibration. The shocks and vibra-
tions o be expected Gepend on the particular
mode-of transportation. The effect of these en-
vironments on the iiem heing iransported s
further dependent upon the manner in which
the item is.packaged and the-stowage technique
used. Techniques used for protecting packaged

items against ine harmiul effects of shock and

vibration inciude: blocking and bracing; use
o7 cushicning materials, cither elastic (resil-
iert) or nonelastic (crushable); and use of
shock and vibration isolation.systems.

SBOCK 2 VI3RATION
I hough sinock and vibration are often
ted as.separate phrenomien2, the distinction
vetween the two ds not clear cut. The difference
beiween transient shocx motion and periodic
vioration is.fzirly:obvious; but the existence of
any basic differences between shock and ran-
dom vibration, which is not periodic, is much
less obvious. I-Iowever, shock may be considered
as intermittent excitation and vibration as sus-
tained excitation.

Vibrations and shocks will impose forces on
and deform any fiexible or elastic structure. The
severity of the deformation depends upon the
nature and intensity of the imposed force, and
{he geometrical configtiration, total mass, in-
ternal .mass distribution, stiffness distribution,
ana damping of the item or equipment,

)

(&

(’.
'n ,l-

&
[y

5-%.1 VIDRATION

Vibration is an oscillation wherein the quan-
tity is"a parameter that defines the motion of a
mechanical system. Vibration has «lso been de-
scribed as the variation, usually with time, of
the magnitude of a quantity with respect to a
specified reference, when the magnitude is al-
ternately greater and smailer than the refer-
ence,

Vibration may be periodic in nature, or it
may be nonperiodic.

Source: Packaginc and Pack

5:1.1.1 .Periodic. Vibration

The simplest. form of pgriodic vibmtion is
simple harmonic motion, which is .aotion that
_varies sinusoidally. Simple' harmonic motion
can be identified by any two of the four param-
cters: frequency, amplitude of excursion, ve-
locity, and acceleration. Fxgun, 5-1 shows the
relationship between fregquéncy, acceleration,
and double amplitude; where double. amplitude
is the excursion from one extreme:of harmonic
motion to the other. From the illustration.it can
be seen ‘that if double amplitude remains con-
stant, the acceleration -increcases as the square
of the increase in frequency. Likewise, increas-
ing the excursion while the.frequency-remains
constant results in a.proportionately higher ac-
.celeration,

Any periodic motion can be considered as
consisting of motions at one or more {requen-
cies, with the motion at ecach frequency being
harmonic. A.periodic, or steady-stafe, vibration
can be completely defined by designating the
frequency, or frequencies, the maximum vilue
of the harmonic variable at each frequency, and
the phase relationships that exist between the
component harmonic motions. Thé harmonic
variabie may be expressed in terms of displace-
ment, velocity, or acceleration.

. 5-1.1.2 Nonperiodic Vibrarion

There are two types of nonperiodic vibration:
random and white-noise. They differ from one
another, although the two terms are often used
synonymously. Random vibration differs from
steady-state vibration in {hat the amplitudes
at the component frequencies vary randomly
with respect to time, and therefore cannot be
predicted. White-noise vibration has no defined
component frequencies, and both frequencies
and amplitudes may vary r'mdomly with time.
(Ref. 1).

5-1.1.3 Resonance

.

The response of a structure to shock and vi-
braf.ion is determined largely by the excitation

5-1

i . X N

Engineexring, AMCP 706-121,

October, 1964
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{requency and the resvnance characteristics of
the soiueture. Re-unance affects the magnitude
of . applicd oS and its transmission char-
actesiatics, Any ...ock or vikration at the reso-
nans Iroquency is ampiided & force, resuliing
in an increased chance for damaje, h

The ratio of the output vibration amplitude.

to the applied vibration amplitade is the trans-
missinlity. Tranumissibiiity can b2 considered
a magrification fuclor, and is greatest 2t reso-
nance. -it decreascs down 1o unity below reso-
rauce, and can become less than unity above
resoni.mce. i

5-1.2 .SHOCK

‘Shock connotes impact, collision, or blow,
usxxal{y caused by physical contact.. It denotes
a rapid change-of load, or a rapid change of ac-
celeration with a resuitant change of load.

A shock motion cannot be. defined by assign-
ing-numerical values to established parameters;
1t can.only be defined by deseribing the history
of a significant parameter. such as acceleratian,
velocity, or-displaceraent. The time duration of
a shock pulse is important, since it helps in de-
termining the way inwhich an object will react
to that pulse. )

- Yo

0.0

0.01

0.00t

Oouble omplitude linches)

0.0001

Acceleration (g's)

0.0000!

0.000001; : g :
10 20 40 60 80100

200 400 600 [1000° 01 |02
7800 2000

Frequency {(cps)

Figure 5-1. Relalionship Between Frequency, Acceleration, and Doublo
Amplitude (Ref. 1)

5.2

October, 1964

Source: Packaging and Pack Engineering, AMCP 706-121,
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Ahnou th iheoretically an equation might.be
written for x particular shock motion, actual
=~0¢k motion., are.usually complex, and the cus-
tomary method of desciibing the time function
o the motio: is graphical (Figure 5-2). There
are an infikitc number of possible shock mo-
tions, sincaithe-motion muy vary in-pulse shape,
iime duration, and peak acceleratien. (Refs. 1
and 2j.

TRANSFORTATION SHOCK AND
xxATON
Dzta on the-actual shock and vibration en-
vironment likely to be encountered during the
various:-modes of {ransportation are presented
in the.foliowing paragraphs. Some-of the data
given are relative in nature, but are neverthe-
less.useful in damage prevention.

5-2.1 TRUCK TRANS*GRT

Vibration: frequencies in motor trucks are
rependent upon the natural frequency of the un-
sprung mass on the tires, the natural frequency

ol the spring system, and the natural frequen-
cics of the body structure, The vibration am-

plitudes are cdependent upon road conditions

I
o
\

9's)

)
o .

Accelerotion (

0 5 6 B 20
Tima {milliseconds)

Figure 5-". Plot.of Typical Shock Motion

and the speed of travel. Intermittent road
shocks of high magnitude can occur, with resulf-
ant extreme truck-body displacements. These
large displacements may result in a severe shock
environment ‘for unlashed cargo as it bounces
about the truck floor. Vibrations caused by the
truck engine and transmission system are rela-
tively insignificant in the cargo area. (Ref. 1).
The preiominant-natural frequencies of var-
ious milit.ry transport vehicles, as measured
in the car; o space, are given in Table 5-1. Fig-
ure 5-3 presents vibration data measured.in the
cargo spaces of trucks and trailers, and Table
5-2 shows the atcelerations of the cargo in a
2-1/4-ton, M=104 trailer combination during op-
eration over various terrain, o

.

TABLE 5-1. PREDOMINANT FREQUENCIES MEASURED IN CARGO SPACES OF
VARIOUS MILITARY TRANSPORT VEHICLES (Ref. 1)

\\
Dircction of Predominant Frequencies {(cps)
Type of Vehicle Acceleration Springs Tires AN Body

Truck (2-1/2 tons) Vertical 2to 4, 8tol3 70 to 180
Longitudinal 10 to 20 70 to 100
Latecral, 10 to 20 100 to 200"

Truck {3/4 ton) Vertical 2t0 3 5to 10 60 to 110 .
Longitudinal - 70 to 100 ~
Lateral - 60 to 70

Trailer (1 ton) Vertical 3to5 8to 10, 50 to 100 *
Longitudinal - 50 to 100
Lateral - 50 to 120

M-14 Trailer Vertical 1to4 7t0l0 ) 50 to 70
Longitudinal 3to 4 §tol0 200 and greater
Lateral 2to4 - -

M1, 2T Trailer Vertical 2.5t0 5 7.75t0 10,5 100 to 150

e A TN o

5-3

Source: Packaging and Pack Engineering, AMCP 706 -121,

October, 1964
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Fizure 5-3. Truck Traasportation Vibration Data
(Ref. 2)

5-2.2 RAIL TRANSPORT

Vibrations in moving freight cars arise from
truck and wheu irregularities, and occur prin-
cipally in the luteral and vertical directions.
Tha exciting frequencies caused by rail joints

and wheel imbalance vary from 0 to 18 cycles.

per second. Railroad car structural-frame fre-
quency is usuaily in the range of 50 to 65 cycles
per second. Shock and transient vibrations dur-
ing coupling and during starting gndvstop})ing
are generally considered to-be :the most dam-
.aging phases of rail shipment. '

Figure 5-4 presents data on the number of
aceurrences of shocks of various levels recorded
on the floor of a freight car durmg a 700-mile
trip. The data are divided into shock ranges

and direction. For each dlrectxon and avithin
each shock-range, the shocks are plotted against
the speed renge durmg which they oceurred.
Table 5-3 shows the percentage of travel tite
in each speed range-during the 700-mllc trip.
The time durations of the shockiimpulses, while
not measured accurately, were estimated:to.be
between 10 and 50 milliseconds.

Figure 5-5 shows the velocity of irpact dur-
ing switching operations taken .from a repre-
sentative number of railroad yard operations.
It can be scen that the mean speed of impact
is about 7 miles per hour, which is well ahove
the approximate 5 miles par hour limit for
which the switching gear provides cushioning
protection. Longitudinal accclerations of a
freight car body that can be expected for im-
pact speeds of 1 to 7 miles per-hour are shown.
in Figure-5-6. ’

The method of bracing greatly affects the
maximum acceleration of lading. This is shown
in Table 5-4. Although a freely-floating -lading

-is desirable, it is not practical since it requires

large space for the movement of the load; fur-
thermore, it does not provide protection against
several successive impacts in the same direc-
tion. Controlled floating, in which movement is
controlled by means of snubbers that center the

TABLE 5-2, CARGO ACCELERATION IN 2-1/4-YON TRUCK, M-104 TRAILER
COMBINATION (Ref. 3)

Maximum Acceleration (g's) :
Operation Over Longitudinal Lateral Vertical Vector Total
Sandy Beach 2.5 1.0 4,5 - 5.3
ngraded Road (30 mph) 0.5 1.0 1.5 1.9 ‘
Graded Road {30 mph) 1.0 0.25 1.0 1.4

Souxce:

Packaging and Pack Engineering, AMCP 706- 121

October, 1964
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YABLE £-3. PERCENTAGE OF TRAVEL TIME vs
SPEED RANGE FOR FIGURE 5-4

Travel anAdH
Spces Range Recording Time
(rmiph)y (%)

0 \ M 9.3

0-10 R
10-20 ' 9.4

20-30 ‘ 20,3
30-40 ) 2l. 2

40-50 . 10.8

50-60 6.1 X
€0-70 3.3

o‘vcr 70 i . 0.3

load after each impact, is the most practical.
Figure 5-7 shows the comparative results for
one such controlled-floating arrangement and a
blocked arrangement. (Ref. 3).

5-2,3 AIR TRANSPORT

During air transport, the in-flight shock and
vibration environment is generally not too se-
vere. The loadings which are important are
the dynamic loadings that occur during fiight
in rough =air. These are differentiated from
shock loadings in that they consist of fairly
high magnitude accelerations imposed for a
srolonged period of time. These accelerations

Source:

TABLE5-4. RATIO OF LADING ACCELERAYIONS ;
CAR ACCELERATIONS FOR DIFFERENT TYPES
OF DRACING {Ref. 3)

Type of

Ratio: lading.acceleration

Bracing car acccleration. .
Solid 1.0 :
racing, !
Controlled 0,6-0.7 .
Floating H
| Free 0.1 l
‘Floating )

can be as high «.s 2 to 3 g's during normai-vs. -
ation of large transport aircraft.

The most damaging condi‘ions encounter.
during air shipment aré the shocks resulti:
from handling operations. This is shown in J,
ure 5-8, which is a plot of the maximum shac!
recordéd during a test shipment by a major an -
line. For the test, two impact recorders wo:.-
placed in a wooden box, having a total weig.:-
of 73 pounds, and both longitudinal andwvertic...
.shocks were recorded.

5-2.4 SHIP TRANSPORT

The principal excitation forces for shipboar.
vibrations result from the ship structure inte-
fering with the flow of water from the pr. -
pellers, and from imbalance or misalignme: -
of the propeller shaft system. The frequen:
range of the vibrations is about 5 to 25 cye.
per second, with attendant accelerations reac:.-

" ing a maximum of about 1 g.

During normal service ship cargos do not ex.
perience shock loads of any significant mag:.-
tude, with the exception of the shocks that m.;
oceur during loading and unloading operations.

.

Packaging and Pack Engineering, AMCP 706-121

October, 1964
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Numbers of shoclhs

©
- y
. .
<

Speed range {mph)

Numbsars of.shocks

00 .

100
% -
10
$

_
/

mr
y -
r

Speed range (mph)

‘(0) VERTICAL SHOCKS MEASURED ON FREIGHT

Figure 5-4. Freight and Freight Car Shock Measurements (Ref. 1)

Source:. Packaging and Pack Engineering, ANCP 706-121

Ortoher, 1964
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Speed range (mph)

Speed range (mph)
(b) LONGITUDINAL SHOCKS MEASURED .ON FREIGHT CAR FLOOR

8

“Qver 10

Speed range (mph)

Speed range (mph)
(¢) LATERAL SHOCKXS RECORDED ON FREIGHT CAR FLOOR

Fiqure 5-4, Freight and Freight Cor Shock Measurements (Ref, 1) (cont)

Source: Packaging and Pack Engineering, AMCP 706-121
October 1964 '
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1 o Tons tigure illustrates the moximum
occaleration experienced by solid- -
blocked ond coatrolled-flocting lading
12}  6safunction of freight cor speed ot
impact {Ref. 3).
10
Solid Controlled o
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8 AN N

IHERREY
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encounterd aboard ship vary fres

... ./~ The vibration fre-
zero to approximately 33 hertz (Hz) (2000 cycles

TION ONTaSts,

4
gueacias {
J per sznute (e.p.m.}). In some of the latest surface ships, fregueacies of up to S0 Hz H
13306 c.p.m.) have been obsezved. The cscverity of vibration on a-ship depends upon the H
type o2 ship, and location of equipment within the ship's -structurc. s, . i’
-, 5.1.3.:'3.3 Tnéu:fmc_g zest. The eguipment shall be vibrated for a total period of NS
wb avuS8T 2 S0UTS 4t the Tesonant fioguencies choscn by the test erngineer. IS no resonance -
+s Co.erved, this test shall be performed at S0 Kz or at the lpper frequency as-specified
:% 5.2.3.3.4. The amplitudes of vibration shall be in accordance with table I and''figure
-
Zable I - vibratory displacement of eavirommental vibration. .
Frequency .xange " 23blé adplitude
(iiz) {inch). !
~ - - . R
4 %o 15 0.030 + 0.606
16 o 25 .020 F ,004
- 26 to 33 L010 ¥ .002
34 %o 40 . .005 ¥ 001 .
41 to 50 L0037 .000 o
| - .00 .
$.1.3.3.5% _Sndirance test for mast mounted esudmifert. Equipment intenavd:for installa=

statle load of 2

stch as radar antenaac and associated courpment, shall be designed for a
2.5¢ (1.5 over gravity) in vertical and transverse (athwartship and Ieggis
In additicen, 'th .

iinal) directions, to compensate for tae influencé of .roush weather.
eguipment shall be vibrated for a total period of at least 2 hours, at the resonant fre-
queacies chosan by the test engincer. If no resonance was cobserved, this test shall be °
periormed at 33 Hz,. unless ekéadted by 5.1:3:334%  Thc dhclitudes of vibration-shall bea.
in accordance with table IZ. .
Tabie II - vibratory disnlacement of environmental . B
- vibration for mast mounted equipment. b
- - ¢
( N ; Fraquency range Table amplitudo 4
, (itz) S (inch)
t = $
l 5=~ 10 0.100 *+ .00 . R
1 - 15 .030 % .006 d
! 16 ~ 25 <020 ¥ .04 - T
i 5~ 33 .010 + .002 . - ;
N - .. -.-— o &
. ) ;
. ;
.. . :
. 5.4.3..1.2 Excessive longitudinal vibration. Excessive long‘iﬁtﬁ'mrb ibration of tha
RAiL Propulislon system units OCCuSs waen the displacement amplitude is greater Xt that
showa in table IV, ’ .
S
Table iV - Vibratory displacement of longitudinal vibration in main
ropulsion systenms. . VUV
Treaquency range Amplitude
(iiz) (Inch) .
w O A% . 040 & 0006 ’
16 o 2§ .020 ¥ ,004 -
26 to 33 .00 + ,002
34 to 40 .005 ¥ ,00)
4l to 50 003 +  ,0000—
5 \ = .0001
3 .\.-__ ! '
. : S e N : . . o
Source: Military Standard Mechanical Vibrations of Shipboard

B~-10 University

-

Equipment, MIL-STD-167B (Ships) 11 August: 1969
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R X typic:';\'cf\lyllwltix{d:é:'xg;n?: frack ™ of 144 in. wheel basernni27,000 Il loaded weight,
has a natural frequency in pitch of-4.4 cps {itcin 2 nbove) and a natural frequency in
beunce of 3.4 cps. Both of these natural frequcncies refer to vibration of the vehicle on .
the tires, 1.e., the'modes of vibration doscribed above Under item 1. ‘Corresponding infoos
( . mation for several classes of trucks ~nd other vehicles is given in Tables 45.1 and 45.3.
b . - - )
= Table 45.1. Typical Shock and Vibretion Data for Tractor-Trailer Combingtion
at Normal Operoting Conditions
(After M. C. Koye)
Acceleration, g
Component Frequency, ¢ps -
. Av, Max,
Tractor: .
Front axle....... PPN vaee 8~9 2.5 5.
Rear-axlo bOURCR. c.coveenanss 9-10 2.5 5 .
Rear axlo duo to universal joint
zetion..e.. - N Ceees 60-65 0.4 vert. | 0.6 vert.
- 0.1 horiz. | 0.3 horiz.
- Trailez axle.ccecnersaens ceenrns 14-15 1.5 3
Transmission...oeeees teenns cer -60-65 0.4 vert. | 0.6 vert.
0.7 horiz. | 1:8 horiz. »
. Teactor frame: B
(a)-Pitch on tires only with E
rigid suspension springs....| . 4~4.5 0.6 1.2 . ;
) Pitch with deflection of o i
suspension springsand tires, 2-2.5 0.4 0.7 K
(¢) Framc'flexure excited by ‘ ﬁ
' -pitch vibrations. .. ....ec. 6-10 0.15 0.45 i
(d) Frame flexure excited by o
engine vibration.......... 60-100 0.07 0.25 b
Pitch of trailer frame with deflec- . i
tion of suspension springs and 9
£IreS. e venranenenenaans vees 2-4 0.1 0.3 3
Tractor cab, deck yibration...... . 60-65 0.1 0.3 . 3
Short.wheel-base tractor cab, fore-| 3
and-aft motion, driver’s ricek - -4
. lovel: ¥
(a) Pitch on tires only with K
. rizid suspension springs.... 4-4.5 0.2 0.4 F
i (%) Pitch with deflcction of sus- 3
! pension springs and tires... 2-2.5 ,2 0.8 E
— (c) Frame Qexure due to pitch. 9-10 8.1 03 3
Long wheel:base tractor cab, fore- 2;
and-aft motion, driver's neck A
Tovel: B
() Ditch on tires only with K
rigid suspension springs. .. 6-10 0.5 1.2 3
(b) Piteh with deflection of sus- i
pension springs and tires... 2-2.5 0.05 01 o
/
#
-
s A
4
..fg
. . ] i
From Harris, C.M., and Crede, C.E. (Eds.): Shock and Vibration h
Handbook. New York, McGraw-Hill Book Company, 1961. %
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L bt acecicsaion L g apace ¢l v triek for varioug effective static
upfing detlections in - hownan Fig., 45,5, The effective static spring deflection i3 not the

o

= e LT T e T
M T u
sog 08—2 : < %
gg2 | 2 =~
et TN - M [
cod 060 n —————— Z i
rp s N STATIC DEFLI27 IN. ;5/
=] '\ & FRONT AND REAR .
805*0.; & Pl
«f e W L__.‘__._ —— g —
" (S F] ”
N « 2 A 1 L STATIC DLFL‘ 54 1. / /
38 Nl s \ND'REAR 7] L~
38 QZ% RE :\o_as:m . P
a U T
~STATIC DEFL-FRONT 54 IN. REARZ2.7,IN

. 0 4 8. 12 T 18 20 24
.n.' OISTANCE FROM FORWARD END OF -CARGO SPACE, FT

F16.45.9. Maximum aceeleraticn at varicus points in the cargo space of a semitrailer per unit
dynamic deflection atthe suspension center.  These values were computcd for several effective
static :nrng deflections of zlu. trailer and tractor suspension springs and are based on unit
dynamie deflection of the suspension springs.

change in height of the truck abiove the ground betwéen the loaded and unloaded con=
dmo'x bat is co'rputnd by. dividing.the total load in pounda by the spring stiffness at
the loudcd condizion; i.c., only in the specidl case of linear springs are the effective static
dedection and the acmfnl defiection c.qual hé acceleration values are computed for
1 in, dynumic deflection at the spring. For e\'\mplc. adeflecticn of 3in. in actual service
would result in an acecleration equal to three times the value indicated in Fig. 43.8. A
similar graph, Fig. 45.9, shows the acceleration over the cargo space of a 24-ft trailer for
various eficctive static spring deflections of the trailer and tractor- suspension- springs.
The acceleration values also are based on unit dynamie spring deﬂu:uon at the suspension
centers.

.
—

Tebla.45.2. Accolorntion-at-C

M-104 Tre ) wad Road Test
(s, « ». Purstfull ) .
Mazx. acceleration, ¢ 4 Fre-
Type of action ~ - |quency,
Longitudinal | Lateral | Vertical xfg{'oz cps
Beaching............ 2.5 1.0 4.5 <83 3.3
Ungraded road
(B0 mph)..ceieaen. 0.5 1.0 1.5 1.9
Graded road .
BOmph)eieiinnnns 1.0 0.25 1.0 t 14

.

Table 45.3. Predomunan? Frequencies Measured in the Carge Spoce of Various

Military Transport Vehicles *
«(After I, B, EhrlichX)

P:edominant frequencies, cps

Typo of Direction of
vehicle acceleration

Truck Vertieal
(234 ton) Longitudinal

Lateral

Truck Vertical
(3{ ton) Longitudinal

Lateral

Trailer Vertical
(1 ton) Longitudinal

Lateral

M-t trailer...| Vertical
Longitudinal

Lateral

M-1 trailer
(2 ton) Vertieal

Body
{sprung
mass)

2-4

2.5-5

Vibration Resonant vibra-
on tion of structural
tires part of the body
8-13 70-180
10-20 70-1C0
10-20 100-200
5-10 60-110
e 70-109
e 60-70-
8-10 50-100
ces 50-100
ves 50-120" °
7-10 §0-70
§-10 200
7.76-10.5 100-150

?_12 Univers

ity Consultante, Inc,

® These data were obtained fue operation of the vehielea ovare rough ronds at nponds above which damage
to tho vehicle and cradnmprecan at to i ddver wern prstushle,
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Fig. 45.22. Experimental values of acceleration in the cargo spaces of trucks and trailers. .

These data were obtaingd for operation of the vehicles over rough ronds at speeds at which
damage to the vehicle and endangerment to thae driver wero.possiblo,  The sizea of the dots
vepresent o variable number of test points ax indicnted. (£, 2, Ehrlich'9)
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From Harris, C.M., and Crede, C.E. (Eds.): -Shock and Vibration

' Handbook. New York, McGraw~Hill Book Company, 1961.
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© \© FREQUENCY RANGE
RUEGER TIRED
EARTH MOVING )
5] y PR EQUIPMENT : ]
(o) '
16F :
N FReECUENCY RANGE :

: FARM TRACTORS & ‘
HIGHWAY TRUCKS .

g [&_‘3@ | )

o
] R N O MiGHWAY YRUCK
4 O RUBGER TIRED EARTH
< MOVING EQUIPMENT .
. _ - Bof O TRACK TYPE TRACTORS ,
S \ O FARM TRACTORS
- < .
] .
F08 LS. :
- = FREQUENCY RANGE p.
e TRACK-TYPE TRACTORS " , _
T D, 0.0 l - {
= T )a %
-7 « e {2
0.4 . * A
A
02 ° A
° E
- 0 1 L d {
) t 2 3 45 6 7 8 910 ) . N
- FREQUENCY, CrS A
16, 45.24. Average acceleration measured under operational conditions for commercial and y
military vehicles. Zone A includes vebicle accelerations typical of highway conditions for 3
trucks and haul conditions for rubber-tired carth-moving cquipment and for cultivation and #
plowing by farme tractors; Zone B includes vehicle operations typical of off-highway opera- b
! tions for trucks and field operations for rubber-tired earth-moving equipment, and mowing k
and dise harrowing for fann tractors. (I. B. Ehrlich.9) ’3
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SPEED, MILES/HOUR
Fig. 45.34. Curves showing numb s of “counts per mile’ (i.e., acceleration penks) at accelera-

tion levels of 0.25g, 0.337, and 0,50« as a function of ~ar speed. The data are for a car having
sorings with 313{¢ in. maximum deflection and a total load of 104,000 Ib on the rail./

From Harris, C.M., and Crede, C.E. (Eds.): Shock and Vibration

Handbook. New York, McGraw-IIill Book Company, 19061.
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. SHOCK T
SOURCES OF SHOCK

Shocks are imposed-on railroad freight cars as a result of impacts during switching
operations. Severe impacts oceus infrequently during the peciod of 2 shipment. This
is illustrated by Figs. 45.37 and 45.38 which show the distribution.of recorded impact
speeds in railroad yards. %3
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Fic. 45.37. Distribution of impact speed of 1,568 ¢ass in yard and road service during a period
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Fig. 45.35. Distribution of impact speeds during switehing in the Chicago area in the winter
of 1045-1930. A total ot 535 impacts are included in the distribution.
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Records on underway tests should be of sufSeient length so that at least a dozen eycles
of the lowest frequenny vibration wopear in‘the record.* The amplitudes of motion at
cach frequency of vibration should be reported for the interval when the over-ali~vibra-
tion motion i» largest ac & particular fest condition. In this wey data from different
tests or for different ships are more comparable.  Amplitude values vary during steady-
state test runs for a number of reasons—phasing of blades of muliipropeller ships, smail
nropeller speed variztions, and response-of the ship to waves. Data also should be ob-
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F16. 46.2. Vertical and athwartship hull and deck vibrations for various ships (predominantly
destroyers). 10

tained during hard turns (full rudder over and full speed) and during erashback mancu-
vers (i.e., rapid change from hard shead at full speed to hard astern at a speed dependent
upon the power of the backing engine).

To reduce the cost of the test, it.is convenient to solicit the aid of ship personnel to
check whether there is apparent excessive vibration of local structure, machinery, and
cquipment. The items reported a3 apparently vibrating excessively may be checked later
by the test persennel with hand-held poriable vibrographs at the speeds where the ap-
parently excessive vibrations are most pronounced.

Vertical and athwartship measurements should be made near the afier perpendicular

* A preliminary study indicates that many more cycles are neecssary to forecast statistically

the mavimam values that might be obuained over fairly long running time under substantially
the same test conditions.’

t After perpendicular is the vertical line at the aftermost point of the intersection of the
ship afterbody (il wath the water surfuco when the ship iy at design dralt,  Forward pere
peadiadar is stiminrly defined,

From Harris, C.M., and Crede, C.E. (Eds.): Shock and Vibration

Handbook. New York, McGraw-Hill Bock Company, 1961.
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, . at thelfantail (stern) on all auch tests. These measurenments also shoild bo made at the:
l‘\ bow near the forward perpendicular. Bow measurements ean be used to.verify modes
of vibration of the hull. . -
Normally, records obtained on underway hull vibrition tests are analyzed for vibratory
. amplitudea at first-order (shaft-specd) frequencies and propeller-blade frequencies.? The -
fecords aiso may be analyzed for hull. n-numl frequencies, independent of ship speed. .
The vibrations at these resonant frequencies usually are e\cxtcd by oeean waves, but
they may be excited even in-almost calm seas:if the propelier shaft or propeller-blade
trequencies are quxtc close te hull natural .’requcncu.s. -
Underway vibration testson a l'u-ge number 6f commereial and naval ships of many
iypes and classes (including aircrait carriers, crmccrs. dc:troy«.r», submarines, nu\llnry'
ships, and_commercial-type ships such as cargo carriers, ofe carriers, and tankers) have
resulted in eriteria of satisfaciorily low levels of vibration which are achievable. Max-
imum vibratory hull displacement amplitudes less than 0.010 in. at shaft or propeller-
blade frcqucncles are considered excellent while those less than 0.020 in. are considered
sat...factory Yer displacement amplitudes ir excess of 0.020 in,,.remedial measures such
zs changes in ,).’0[)0"“.5, syrnxwhtenmfv propeller blades, Dahncmg shafts, or changing
fow lmcs to the propellers oiten are undermken
Figure 46.2 shows & summary indicating the frequenexea at which various values of
dlsphcement amplitudes have occurred on quite a few-ships of a humber of types
{nreponderantly destroyers ). Data are plotted for a number of'speeds. The vilites are
those only for straight runs and-give a rough-indication-of the ranges of amplitudes at
various {requencies (.n the lower frequency range) of cnvnrenmcnt’d vxbr'mon on ships.
Maximum dxsphccmc-\., 'mp!mulu. for a number of types of sh‘ps are given in Tabl2
46.1 together with frequencies and.orders (shaft speed, blade freguency, double-blade

- Table-46.1. Tybical.Vibretion Data Obtainied on Several Classes of Ships

-
: rertical Athwartabip
i vibration vibratica
: Shaft < Shaft
: Kind of ship Location | spoed, ‘Displace- {§ Location | speed, . Digplaces
: rpin | Frequeacy,| meat epm | -Frequency, meat
N s smplitede, cpm amphiude,
i . ia, ia, .
. Ammunition ship, Stern 93 5 0014 | Stem {0 40 0.028
. masitime bull 45 |105~110%8 7 om3
H Ne. MC15%5 (fous-
: tladed p'o»:ller) |
4 Refrigeration ship, Stern 100 4001 0.018 Sterma 37 145¢ 0.010
N matitime hull .
! No. MA3G6 (fous~
:_ blzded propelier)
P Teebreaker (two theee- || Stem 05 285t 0.010
. bladed propellens) .
H Destroyer (two theee- . Stern 150 s401¢ 0.007
! Lladed propellers) . 240 200+ | o002
. Destroyer (two foure Stern 220 " 0.180 Stern 300 L1202 0.13¢
: bladed'propetlers) 30 3i0° 0921 123 123« 0.033
i 240 90t 1 000 310 1,360 0003
! @ 401§ | oo
R Adrcraft carrier (four Stern 160 160°* 0.008 Stern 1¢5 165 ¢ 0010
. five-bladed . 153 %5t 0.005 165 8251 0.003
propellers) Island 153 153* 0.003 Island 115 $15¢ 0.002 .
; 150 750% 0002
Teavy cruiser (two Stera 330 (7134 0.000 Stera 3¢0 FirB 4 0017
four-bladed 250 1,120° 0.602 300 1,200t 0.02
propellers)
Nole: Shaft rpm nominal, $ hall natural feequency.
* ghalt frequency. § doublo Llsdo frequency.
1 blads frequency.

From Harris, C.M., and Crede, C.E. (Eds.): Shock and Vibration
Handbock: New York, McGraw-Hill Book Company, 1961.
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0t 2 3 4 5 6 7 8
SINKING SPEED, FT/SEC

F16. 47.8. Maximum acceleration (with
reference to lp gravitationnl acecleration)
measured ab the centes-of-gravity of an
sireraft as a function of its downward ve-
locity (sinking speed). The standard devia-
tion o is 0.127; thus, 68 per cent of all ob-
servations fall within 0.127 of the mean
and 99.7 per cent fall within 0.3¢g of the
mean. (dfter J. J. Saunders and G. F.

or flattened out to reduce both the rate of

descent and the forward velocity—thus mini-\

mizing the landing impact loads and reduc-
ing the landing roll-out. The rate cf descent
(sinking speed) of the aircraft at the time of
the landing impact is the controlling parame-
ter for landing loads. At the instant of land-
ing, the theoretical value of the sinking speed
is v sin 0, where v is the corresponding veloe-
ity of the nirplanc along the glide path and ¢
is the angle between the horizontal and the

LR e e

oo

‘ g

j

N - g
= 3
) 06 I see, as shown in the curve, i3 typieal. Vi. 4
- Y \l X ] bration modes with frequencies ranging from 8

g M approximately 1 to 4 cps arc excited, with i

S 02fdas PN dynamic magnification factors of 1.5 to 2.0, 4

= SSRET- 8y Ve ] when a complex airplane strueture is sul :‘

o ¢ -4::@3’:};5 o — jected to this type of input.s Airframe :'

3 L’ i \d “;v,,_*:ek};. ‘ \\ structure and equipment components must :

< ~02 i «“N:; —  be designed to withstand the load and accel- 4

= : Po 2525 130 | eration amplitudes.imposed during tids con- F;

g-04 TR - dition g

5 [ \'\ ° 6‘\;§ Ny o H s at i

% -08 ] t Landing Impact. The landing-operation g

= T~ I3s] begins with the aicplane in & steep glide on 4

[ S~ final approach with the throttles.retarded, ¥

Upon nearing the ground, the glide is broken :

Piper.t
wrd glide path. This value is affecied by the

acrodynamic ground cffect, the wind, the technique of the pilot, and the kift-drag charac- .
teristies and wing loading of the aircraft. Therefore values of sinking speed encountered

during operations are distributed statistically.
A maximum vale of sinking speed for cargo airplanes of 7.23 ft/sce, a minimum value

ORTZXY

) of 0.05 ft/ecc, a mean value of 2.55 ft/sce, and a standard deviation about the mean of 3
{ 1.40 ft/scc were observed for 187 landings® Und.- the assumption that at the instant of 4
- initial ground contact the pitching aceclerations of the airplane are small, the observed 3
accelerations zan be asswined to be the accelerations of the airplane’s center-of-gravity. &
Figure 7.0 shows the relation of observed accelerations to sinking speed; downward ac- X
celeration i3 considered negative and upward acecleration (deceleration) is considered i
positive. The central line through the data points is a line of best fit determined by the k
method of least squares, and <he bands of width o represent a standard error estimate £
indicating the degree of scatter. 3
Measurements of maximum vertical acceleration during landing at various positions 3
E
d
L e e ; 5
= o EOMBER {400 COM) .
?‘5 < 51 x BOMBER (250-375 CPM) L 3
ue s CARGO ({450 CPM) i 4
= o BOMBER (280 CPM ////7 i
g2 =~y ' ;
28 N .
=2 i 4
g —] | o S S ] g
0 3
-1000 -800 -v00 -400 -200 O 200 400 €00 800 i
~—FORWARD FUSELAGE STATION, IN, aAFT—w g

6. 47.7. Maximum incremental {with reference to 17 genvitational accelerntion) landing
accelorations at fusclaze stations for several large aircenft. Fucelage station is distance from
main landing gear. The freauencies shown on the figure are the ivaguencics of tho fusclage

vibration excited by the impaet. :
<
P

From Harris, C.M., and Crede, C,E, (Fdrs.): Shock and Vibration
Handboox. New York, McGraw-Hill Book Company ; LOGL.
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The values denotest by the crosses in Fig. 47.30 are above 10y acecleration-and at
: {requencies higher than GO eps. These vibrations are duc exclusively to gunfire. They
i - may be considered to be transient since the duration of gunfire is small compared to the
3 \ \({’ Guration of the steady-state vibration. Ho.vaver, for long bursts of firing, 1.c., 15 to 30

rounds or more, single machine-gun vibration shows defirite periodicities, the fundamen-

" 1 tal correspondiny to the firing rate of the gun. M:ltiple gun installations also may pro-
? 15 ——
- . 04
:
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F16. 47.30. Vibratory displacements and frequencies in jet-engine aircraft during flight, land-
ing, and gunfire. A multiplicity of data is indicated by larger dots. The envelopes shown in
dotted lines group together data from common sources. (Afler E. Klein, R. S. Ayre, and I.
Vigness®)

duce a nonperiodic steady-state vibration due to varying phase between gun eycles (see
Gun Firing in this chapter and in Chap. 48). Gunfire may produce cither transient or
steady-state vibration depending upon the number of rounds fired.

The remaining portion of Fig. 47.30 is approximately the region lying below 0.03-in.
peak-to-peak displacement {rota 10 to 50 eps and continuing at & constant acccleration
amplitude of 4g to 500 cps. The points in this region represent steady-state vibration, .
principally in the fusci-ge, of jet-engine airerait in the normal fight conditions,’ i.e.,
climb, cruise, deszent. Figure 47.31 shows vibration data for additional jet-engine air-
eraft (fighters); these data are consistent with the data of Fig. 47.30 for steady-state
vibration-of the fusclage in that the points fall below 0.03-in. peak-to-peak displacement
and 4g acceleration amplitude. Similar results are obtained by similar analysis of vibra-
tion for reciprocating engine aircraft.’t
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From Harris, C.M., and Crede, C.E. (Eds.): Shock and Vibration
Handbook. New York, McGraw-Hill Book Company, 1961.
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F16. 47.3¢. Vibration eaveiopes for steady-state vibeation of fuselages and empennages of
reciprocating-cngine aircraft, based on measuroments on 12 aircraft.
longitudinal directions are combined, (dAfter 2. J. Lunncy and C. B, Crede,$?)

‘rom Herris, C.M., and Crede, C.E.

Handbook.
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Fig. <138, Vibration envelope for engine
compastrents and nacelles in reciprocating
(solid line) and turbojet-engine airerait,
(dotzed line) based on measurements in
seven sireraft.
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Fic. 47.39. Viniulien envelope for outer
wing panels and wing tip panels on recipro-
cating snd turbojet engine aircraft, based on
measurements on three aireraft. The ver-
tical lines indicate the natural frequencics of
the wings.
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F16. 47.41. Displacement and frequency data
for vibration on carpo deck in cargo aireraft,
based upon measurements in five aircraft.
The solid envelope bounds the data for
steady-state vibration; the dotted envelopo
refers to maximum expected transient vibia-
tion,

From Harris, C.M., and Crede, C.E. (Eds.): Shock and Vibration

New York, McGraw-Hill Rook Company, 1961.
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Test Procedures for Military Packaging
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'_:‘he Sogrce for pages C-1 through C-9 is : Preservation,

zackagine, and Packing of Military Supplies and Equipment - Packing
(Volume £), DSA{ 4145.2, Vol. II, TM38-230-2, NAVAIR 15-01-2, AFII1-4
and NCOP 1030.214. "

LT S T . . R
s N R R used in proving design adequacy include the

g
o
T Aelcl

a Pacpione of Tosling. Tae puspose of test- viboation, impact (incline, pendulum, e
205 Ih W L0uVE W aae LY O packaging and Y evelie exvosure, and salt spray tests (fig.
o i), C¥ 3} »

- s . N . . e . wnl
SLCLAE SuGalsaacnts aad e wesiananship of 1-45. One or more OF these fests ave usuany
* s eva o Tn e emm n oy e ~A Y we s : 3 ) N IT; IR A0S
Sewmizldion, Dueony oy be periormed in the appiicabie to the design of miitary vackages

S8l e duvaionlaunt Lhase or by tests at and packs. In many cases the zachnical activ-
wiv Gaclavviie weVel Since coniuiners n the ity having design rcsponsibility, has interval

B0 MMgE ete daaginind CYCIC Gt sudjected to tests and procedures thab are applicable to a
Visivws 2an Constandy chuaging storage and specific design problem. The documents most

T Mg e sl a3l Y av e e Javralroan oy
Saae s el GEZAKGY, 1¢ I Gilullcl TO (GeVe.o) Com-
.- - b x ) 4 3 1ane Y « Axen Yapms
Toos Galh TOT VALY (8IS DY Micrely GOIserv-
e e e D ne S wamptan, Thayaivedtane wf
ca2 UG COMGLAGESS I SATVICE, LNANNNAUONS O

CeendES will rovenl the wecknesses and sug-
s of design 1o over-

CLAe BUNl JwanteS. Since service tests are not
sleolicd condisions, labora-
OV WESTS APE TCEssLSY Lo simituate feld hoz-
wrds, 2ol west s Gosigned W reproduce ong ov
L00e O wie stresses encountered in the ficid
Duraf the test oycies the soquence of fnilures
Cos we Suserved, ciassifed, and the wenknesses
Zron. wailch the Jddiures resald Gelermined. By
Sdiie OF such teets any nuaiber of containers
Cali, 1. Tun, be subjected o exactly the same
LTS, wais poovidiag the date necessary to
oohate Lunluneen construciion and workman-
nLin, ia e foliowing pages are described a
aarnosy of mathods that have beea devised for
sabjessing contwiners o nazards similar fo
hose encovntered in the field. Both Inboratory
ani Lokl iesung are necessary since there are
Twn conditicas inherent n each method of
Sesiuing that cannct be duplicated in the other
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b. Types of Tests. Develonment and testing
O Jevianzes and coniaiaers should be started
&5 soon &8 possiuie aftee infviation of item de-
ve.opnait. Some of the fents most commonly

;LS EVOLVING DRUM TEST
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:  2reserveation, Peckaginy, and Packlng of Military Supplies and :

NES W)
2oui 3 - gy C TN R X
Zal J.,me.._ 1dc.u g . DUAN 41452 TVoT II, TM3IE-D30-2, NAVAIR 150012

<~ ZF371-4 and MCGR 4032.21A, o omeemm e am oo ' o
‘f oot wsed for wost ;',u.t..l..\,» ave MiL-P-  seas and closum. s, and preservative retention,
- anuy sEL-STOS11E0, and FRD-300-101. \"hn recivived, ave performed on the contained
unis vackage(s), following the rough handiing
¢ Tasking of Paciages (Unil ”d ermedi- tes,, ‘o determine existence or extent ol deixi-
i :./f,'f.;“.m.b," ) ,(“‘“:P—“' ). L ¥ an e mental eflects. Unless a particular test is spe-
S BEdh g«ft«;‘;\:\ wCOwa\?_: - °-‘°{ O cified by the procuring agency, selection of ihe
wie MaimP-116 madinods, Gests are conducled  puniesbic yough handling test should be in
= determing the c.'.cc:wf:'.ess of the ;m;c .:uc.. accordance wita (1) or (2), below, as appli-
Pt vfu\.b oL tesis \,\u.Q nesed wil Q\.‘)\:Tn" QL vae cable.
2 wd s
J-;‘E:i;, ‘:S‘Or: C"::D;;:; ;so ;O(i:“f(_l (1) Packs not exceeding 200 pounds. Packs
7-L18 ave not al-inclusive, however, and addi- not exceeding 200 pounds and ‘“U"h
vonal o Cifferent wests ave sometimes required. dimension greater than 60 inehes
e Gyaes of vests specified in MIL-P-118 for should "be fesied by the free-fall
sooving the adequncy of unit profection ave method, p;u:agraph 1.- 24¢(3), be!o\v,
A vist  vacmmm-retentio . except thas items having a net weight
:.;: * ‘“:;i, :i ey :‘i:::.;::f:‘;c‘;u ::1 exceeding 100 pounds and which ave
vy :':{';“v‘;wmc,., S 2 okt :.xe.‘:o“ wiails, secured to the base of the container,
i - should be fested as indicated fox
i; ..... Testing of Pucks ({Z‘ wherior C'ontamvra) - packs exceeding 200 pounds,
L; : -Am.Z’JD—ZIS(i ). In addition to {ne tests (2) Pucks exceeding 206 pounds. Packs ex-
3 aaal peotection mentioned woove, containers ceeding 200 pounds or having any
4 Sady we exposed o icboratory simulated envi- dimension greater than 60 mch
1 :c,:-.;fnc..v’..: exwremes. When packs prepaved for should be tested first by the corner-
: saipmont in accordance with the detailed re- . wise-drop test, paragraph 1—:‘46(6),
& ‘—““”‘““‘"’S_O* :\“_*“'S‘D_'n?‘f are tested for below, followed by either the pendu-
2 LY Tough :.z}nc::::g required by the specifica- lum-impact test, pavacraph  1-2de-
3 'v.\?z‘., cuniract, or owder, thore should be}no (T) (&), helow, or the incline-impach
] sevsleraent or shifing of contents. Furiner, d}c test, paragraph 1-24¢(7) (b), below.
A ~\,bvu.o should calse no duma we €0 the contents If ite cornerwise-drop best is im-
ot saould not looser, break, or displace the | praciical because of the container
wachoving, blocking, or bracing. Whe iesting size or shape, the edgewise-drop test,
shoull nov rendor tvhe interior containers, paragraph 1-24e(5), below, may be
wraps, hnas, barriers, or cushioning ineffec- substituied.
PRTOL VOO et o witel o e e () .
T g sonoied end aCeAT DI (a5 Projull drop fest (fg. 11).
The pack shall be tested in accord-
' e Lypes o; Lougn Huandiing Tests. The var- ance with test method 216 -of FED~
X ous wpes of rough handiing vestws i:zclude: _ STD-101. )
, Sreendl drop tesy; cornerwise Grop test; pen- (@) A drop tester is any suitable ap-
} Qwaarn-impact tesy; incline-impact vest; edg'e- paratus which will allow an abso-
1 wize drop test; vibration tests; and others. 111‘ce1y free, unobstructed fall of &
Tae warsicular twvs employed usually denond container at the ovientation and
\.‘,o‘. wae size and shape of the package. Com- the diveetion required. A lifting do-
S paekages W prenared for shipment are vice thal will not damage the con-
siven aorough handling lest when specified in Lainer will hoe used and o lovel steel
NoCneich o otders Whien o roteh haadling o comenl surfaee Lo absorh ol
won e readired, i preceden applicable feds shoel withoul displivcoent, will he
woe vreod e datees leabu, mnd indequaie el pavided, .
ve Givondds and seaseevitive relenbion, fhnpec- {6 Tho hoefght fron whileh Lhe PYOLHE

st Zor lenks in barvier muderials,

con and tosts men should Lo d)'um;(;d I ceuend-
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'/ ent upon e weight, slze, kind of with test method 218 of FED-STD-
: g, container, and level oz pack, 101. The Iloaded container. shouid
< {{, 7 (c) This test is meant Lo simulate the be supported at one end of its base
5 fall of an item dropved by 2 man o1 a sill or block 5 mf,hes in height
g from a neight he would normally and “f" right angles to w1e skids. T‘:“f
3 use to lift and carry sn item of that onposite end of the container should .
: size. b:e allowc.zd fo .fal.l freely from the spe-
(@) The ‘conzainer showld be dropped f::ﬁed ‘nelght’ indicated for the iVeigix}ﬁ
¢ comamer snowd be droppea in table 1-XI onto a steel, concrete,
cornerwise from a height of 30 or stone surface of sufficient mass to
Inches onto a steel, conercte, or absorb the shock without Ceflection
store suriace of suficient mass &0 (fig. 1-42). The test should be ap-
absord the shock without defiection : : . Yo of 3
in such a mam‘:er t‘natl hf corn(::r pheLd .tw{ce o opposuf pnos Of-m?
: ; e container. If the size of the container
?i ‘e confuiner é‘f}') 501‘05(5;}0 Ll and the location of the center of
orce of tne faui (fig. 1-41). Tais , el o1 ) ) vty ok
test shouid be repea%ed untii cach fii;:?b?;,:&?zfz?; g:z i;.zg,.rﬁsef
£ o Loty ey < ‘ ¢ * < ~ “
f::"”ﬁf’ :i“‘; ﬁgg;'\lrlee(;bmmﬁt?e (fr‘)‘:‘; height, the greatest att‘ainable heigné
iy ni X . Tail. a Ny S ey 4. ’
neight o 30 Linc'aes ;efe;s 0 th . should be.the’he)ghu Oﬁme drops. -
disiance from ihe steel, concrefe (6) g?mqv-wzse:w'op bes . (f,g 1-43).
or sione surface fo ihe ncavest cor- ~ie pa?lf s'nogld be te,sf?,a mragc oxd- '
ner of ine confainer when sus- P vl toss methO(.. o 8‘ J[‘E:-:’_
pended prior to the fall) The Zall STD-101. The container siould be
shall be ‘a free-fall, in that no ropes S?pp O{;]"edl ?}f' 0 mfl coz:ne}x; O;h,ié Aoa::s;
or other suspending media ave at- O:cf bi 02:(’:'( S(")l 01;112: g‘i ll}lace:ecliu&;z'd er th e
tached to the container during the ;"her 001:101“ of ‘hg f'me end of "f;e
{ fali. If i container is of the drum ntainor. Tho Jowast oint of the o
type, the top and bottom of the drum conAImEY. ¢ IOWeS point of the °b-
should be marked so that the cir- p'oszte en'd . of the con‘t zm?e%‘ s.hou.c‘.
cle of the top and bottom is quar- iznr.in lbe 1a3s;d o > l}cl";h{{mdm? tf;l
tered, and the test should be ap- for the weight in tabie ~XI and al-
plied to cach quartered section, lowed to fall frecly on.vo a st,_eel, stone,
or concrete surface of sufficient mass
(4) Eevolving drum test (fg. 1-40). o absorb the shock without defiection.
{2) The apparaius used for this %est (7) Guided-impact test. Packs having a
consists of either 2 7- or l4-fook aross weight exceeding 200 pounds or
revolivin o drum hexagonaily any dimension exceeding 60 inchos,
shaped. closed for shipment, should be suvb-

jected to one of the follewing guided-
mpact tests. A single impact shouid
be applied to each side and end hav-
ing a dimension less than 9.5 fest.

(d) The revolving drum fest is partic-
ularly useful for det~mining weok-
nesses «ad for com, aring nerform-
ance under rougn hondling of

packages, containers, cte. It may “Th'e_ f’ ests are in?end.ed to cvalg?te tae :

Do used as a comparison of con- :»bxh%\.’ of a pz}cked 1-t e ’,co Wltnsm?d £
fainers ond allernate containers or imrInpmg during xail s'h xpmeLnt. The 14

for commarine banded or non- “ests are not fo be used for the pur- 5
banded ronbiners, pose of gvaluntmgr the adequacy of ”Q;‘

the Dblocking, bracing, and tiedowne g

(Y Bdocanice drop Lexl (B, §A2), The used {o secure & load on o in a il

pra e shonid his fostod (e ancundanea calby
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(8) Compression test (fig

From:
and Lgulmaent

&), Pendulu - et tosk
The nacs Shvl 1d he fe
cordnce vith test mec‘pod 212
of I"‘D—S"‘D ~101. The container
skould b2 swung as a peno.ulam

d,-

azainst & nominal 8 X § inch of .

larger timber resting hoxizontally

ot the fHoor and sccurely blocked

ana fastened to pvcve*x'c any raove-
ent, The container should be sus-

wended by ropes, chains, or cables
that its center of gravity wil

smng through an are of 18-foot

Tadius. When -suspended,. the base -

should be par"‘zel <o the fpor, ‘.nd
it should clear the floor by 1 o 8
inches. The loigitudinal axis of
the-container should be perpendicu-
lar to the length.of the timber, and
the end should rést lighily against
it. The container saould be puiled
beck from the tilber unti} the cen-
ter of gravity is raised by eon
‘emount indicated for the weight in
table ,.-J{I then released and al-
lowed *o swing freely against u;e
timber, The opposite end also

nould be subjecied to one-impact.

b) dncline-tmpact test (Ag. 1~40): The
patx should be tested in accoxdance
with test method 211 of FED=
STD=101.

1. This test simulates the abuses en-
counfered by packages in freight
cars -or trucks whm the ‘vehicles
ave subjected to sudden starts and
s‘cO'os. .
The pack, mounted on a movable
viatform. dolly which rides -on a
plane inclined 10 degrees from the
horizonizl, is released from a known
distance up the incline and permit-
ted to.strike against a fixed backstop
a5 'u,’..e bostora ot theplane, The mag-
nitude of impact shock is varied by
usmg different release points,

. 1-10), This test

is perforracd in  accordanco wilh

Pras orvaLJon,

“ 1-44),
d in ac-

ASTM DG642-47 (Compression Test
for Shipping Containeis), The test
provides for-fwo procedures—FProce-
dure A for measuring the ability-of a
contamer to resist external compres-

~ sive loads apphed toits: faces,-and'Pro

%)

cedure B for measuring the ablhty ot
me container to resist external 'com-
vressive loads applied b diagonally-
opposue edges or corners. These .proce-
dutes aré usually accomph.ahed on ¢on-
tainers without contents. They ave.
suitable for tes‘mg boxes, cratés, bar-
rels, drums, kegs, and pail; s:,made of
n*e,al wood, ﬁbexboard and combma-
tions of these matemals.

Vibration test (fig. 1-40). The pack
should be vxb ration tested in aceord-
.enee with AS"‘M Deswnatlon D' 999,
Vibration Test. for Shipping Contzin-

ers; Procedar'e ‘Avor B, as specifieds iThé
dulauon of the vibratio test should:
be as specxﬁed

(a) The»s.,andati packaging laboratory

‘vibration ‘nachine consxsts of a.
woqden table supported-on two:cross
shaits, one near é€ach end of the
table, Each of the shafts carriés two

" eccentricsswhich havp a total ampli~
tude.of 1 inch: The speed or numbes
oi cycles per' minute and the. type
of motion may be varied.

(b) Vibration frequently produces de-

terioration or partial erushihg of
the unit or inferior packing which
reduces resistance-to other snoc.ts,
such as 1mpqct vom dropping; ngt~

ing, -or bumping. This test can dis-.

closerweakness in assembly of the.
packed item. .

{¢) Vibration tests £imulate- txe forces

and motions typical of railroad caxs,
motor frucks, air transportation, cie.

(10) Stmulated contents. At the discretion

of the procuring agency, smwlai,od
contents of the same dxmens‘ms,
weight, and physical properties as the
actual conlents may he .subslituted in
tho feita deseribud "above, A shocl-re-

.
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;; , f Pigure 1=44. Pendulum-tmpact test, .
| _
k| : coxding instrument of an acceptable which affects the utility of the method
a type should be appropiiately installed of preservation. The material used in
> within <he shipping containers. This the method of preservation should
B ' provisios is intended o avoid unneces- show no visible signs of damage. When

S F22)

saxy damage or -complete destruetion specified, functional fests showld be
of valuable commodities and to avoid conducted on the preserved items ov
hazerds %o personnal conducting the equipment to determino freedom {from
fests, oparational malfunetion,

(Z1y Interpresution of results. All matorials
and comnonents comprising the meth-
3 of preservation shall be free {vom

damage or ovidence of displacement

.
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Table 1-X1. Graduated Drop and Inpact T'est Leights. b
~ ) - rol o EA (R - s &
- R . ) 1. Comerwise-drop'test |’ Impact Sut (1 impaét on each 33
O WL 0 consniner and contuniy Szevdse-drop test, 1° (2 dvops on cachlold B © of 2 opposita cnds) . &
. 12 aropseackh ¢nd) 2 disgonaily opposite “ usa citoor test - B i
corners of botora): N
- . . . - . N - p/
-~ S ~ * -~ . - - N Eva - - ~ (l
I . Heizhtol drop Heighi o2 doopr Pendulim . Inclitio g
Doe=ia - (izcaes) 40 (Gucke) arop o impoct i
. . (inches T (fect) s t
- « - S . P N
R - < T — —— - 3 3
Thvergh, 256 .. X _ 20 . 80 - | 4 - - 7.0‘ . ! 3
Over 250 ¢hvough 500 coe - - 24 24 a1 5.5 : &
Over 585 wavough 1,000 mmmmmmmee ] is 13- ‘ 8 40 - . K
Ovem 2,050 : 12 17 5 | 2.5 .' -3
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»5QCleLed G level, the vest 1ten snﬂll be moved ou wgrd on.a radius of the Cen~

The Sourcs for pages C-10 through C-45 : Militaryy: v giop

Standard Environmental Test Methods. MIL-STD~ 15 Jurn. 1967 .
8108, 20 *ctober, 1969. i - .
'HE'IHOD'*§13.1 : ' .
- ACCEIERATION .

1. Purpose. - The acceleration test is performed to detormine if equipment | . .
is -conistructed to withstand oxpected steady state stresses and to insure that
performance degradations or halfunct‘ong will nct bo preduced by thé 31mulatcd .
service acceleraulon eavironment .other *han gravity. Procedurs I is the gtrgc~
tural test .and Proceduse II is. the opeFational tesi:

2. Aoparebus. - Either of two facilities may be utilized for acceleration
tésis: a ceﬂnrl;uge,‘o“ a track and rocket sled fac*l;tJ. A centrlzuge of ade~
auate size is recormended for all 9tructural and most operational tests because i
of the convenience and easé of control. Howéver, the performance of space
oriented ebuipnen', such as gyros, space control platfo*ms,‘etc., are difficult
o vest on a cent.*rnge,feven when & count er-rotatlng fixture is employed. A
rocket sied rudi is advantageous where $trictly linear -acceleration is required.

3. Procedures. - The test item shall be suojected to both the.structural and
the operztional test, ualess otherwise specified.

3.1 Mounting of test item. ~ Direction of forward acceleration is always con-
gicered to te'the direction of the vehicle accelération and equipment shall beé
orientéd accordlnaly,uslng its riormal mounting means. For centrifuges,the 1ocation of
the: test item (ulth reierence to the G Yevel éstablishéd for the test ) shall .
o*mallj be determined by a measurement fron the potaglpngx center of the cer- ’ f
trifuge to the ‘geometric center of the test item. Should any point of the test . '
iten nearest the center of the céntrifuge experience less than 90 peréént of tho

tr*zuge<or tpe snecd oi*roiation =ngll¢be increased. until not less than ‘90 percent
the snevlzled G level is obtalned. Gauulon. Ir he furthest end- ‘of the test
1vcn experiences more than 110 oe*cent of % tne desircd G level at the veonetrlc
center (viilo the nearost end expériences 90 percent or under), then the test
iteanmay ve: vested using a lower gpeed and & larger radius - ceﬂurlfuge arn, For
l—*go tost spocimens excoptions should be made to 2 allow for maximun gradient based
the existing aveilability of large centrifuges in commorcial or Government test

i‘aci,li’cies.

3.1,1 Test item orientation (centrifuge). - When a centrifuge is used to
atzain the reoul*cd acceleration levols, the test item shall b6 oriented as follows:

Fore: Front or forward ond of test item shall facoe toward center of
centrifugo. .
Aft: Reverso item 180 degrees from-the "fore" position, 3
Ups Top of specimen shall face toward center of centrifuge. j
Down: Reverse item 180 degrees from the "up" position.
teral: FEach side (right, loft) in turn shall face toward center of f
entrifuge. . i
: 513,1-1 MIETHOD 513.1
20, Octobar 1969

-
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5,2 Test luovel 6ezerwination. - The G level to be applied to the test item
is contln?em, on two ractors: - Ine direction of forward acceleration level (A}
of the vehicle;. and theé orientation of the test item” w1vh1n ‘the veblclc. )

i

’

~ a4

Where: A = The highest possible knoim ot unknown forward,
acceleration of a vehicle in whlch equipment . 2
- is to be.mounted. (A) shall nevér be Yess. than '
one ¢ Xevel. .

. v o

4

~
W<

L St Sn oA T e ST o 1y 98t a2 20 Pyt OO

.nét“uctions for selection of test levels for-Procedure I from table 513. l-I,
and Tor Procedure II from table 513 1-II are as ;ollows.‘ ] : -

Lorvward -Orientation : i . g
accel. of of test item , - ) ’

ehicle iR vehicle . - Test level )
Known Enown Substitute knovin .acceleration 4 in forward :
accelération column of appropriate vehicle - ’

category, and use given multiplying: factors
to attain test.lével for indicated directions.

Knowm ‘Unkrown Substitute known acceleration A in forward
acceleratlon column of approprlate category, ~
and use laigest g*ven multiplying factor to

3 attain test Tevel for all directions.

Unknovn ‘Knowm ‘Select most’ probable lével from those given .
in forward acceleration columi of approprlate :
CauLgOTJ, and use given. mhltlplylng factors to*
attain test level for required -diréction, :

Unknown Unknown Seléct ‘most nrobable level from uhose ‘given in :
forward: acéeleratiofi’ coluan of approprlate
catégory, snd use largest given multlplyun?
factor to.attain test level for all directions.

Sk L.
A ma o L RE S W s

v
R T PR

3.3 Procedure I. Structunal test. - The test item shall bé installed .on the
acceleration apparatus in accordanie with section. 3, General Requirements, para-
graph 3.2.2, by ;ts ‘normal mounting means. Tne G level shall bé determined in.
accerdanceé: Nlth 3.2, &nd shall be applied while the tést item is nonoperating.

~

O TN SU R PEE TRV JETRIRINIEY. IS PN YO P s9s

s e

3.3.1 Pefformance. of test..- The G level determined for the test shall be
applied along av loast “hree mutually perpendlcular axes in two opposite directions
along each &xis. The itest time duration in each direction shall bevat least 1 minute
\*ollo.lng cenurm‘uge stabilization., On. centrifuges, a test time of 1 minute ig
usvally sufficicnt to determine structural soundness (proper operation); however,
the t¢st time mey be increased. Test times for other apparatus will probably be
short oy, dependi?g upon the type of epparatus. At the conclusion of the test, the
Lest item shall be operaved and the results compared with the datd obtained in-ac-
cordarce with scction 3, General Reou rements, pdrggraph 3.2,1. The test item shall
‘when se inspected as specified in sect:x.on 3, Generai: Requirements, paragraph 3.2.4.

Sl

3.4 Frocedure JI. Oncrational test. - The test item shall be installed on.
Jhe acceleration apperatus in accordance with section 3, General. Requlrcmentu,

paragraph 3.2.2, by its normal mounting means. The ¢ level shall be determined in K
accordance with 3.2, and shall be applicd whilg the test item is operating. ﬁ
METHOD 513.1 513,12 . 4
29 Qelobor ,i‘)(n‘/ : .
C=11 ' \
University Consultants$, Inc.
{
|

o
n
z
'
e P - P - S D P S L e Iy R , !J




sk e ek e IR v I Wt acs g e s e i i e e
; £

— O
‘ . 18 .
- o\ O
P ﬂ - N
» R & c .
L - a & . ;
. . [es}
w . . H X0 o} . f
w. ) v - m &AW -
, : e =3 @ “
A Bt
- X : & o
) & .
. . 2
. — 1
1 _ . ¢ 3 . 1
A<v .MOH VO@J Qq .M.H.m-(mv HQPQ qeyl E.»Of& ST 0HOH£0> ayl HO UOTFRIDTI00® . m .
' ﬁ.w.m.arNO.H Y3 ﬁOG..u..a. §OF¥5 \m... Uoryexa7anvlie- .mu.n.m‘.»ono.w waym .mvowJ 2q H—.dﬂw wumgoo w:nLu. utT m.ﬂO? .\A. . hOb m M :
: *, - - ™ g T — 0°0¢ . - . _ ¢
D

VX 0T . VYXO0T ¥YXO'T | VX$0vXxXeT 09 SOTTSSTU
- - . 0°9 poyouney puncdas

v S A g T 0°0¢ )
yX0oT .| vwxSLo| vxsee [ vxgo|vxg o3 | sofrssTu

n:.vgrs:.

o it St
]
2

513.1-3
iJ\
/‘

L . ) . \ . 0% poyouneT JITV
! .. IR N _ o e R oy “ . m
) i _ A IR — g i 0°cT ] o . |
_ . ¥ x0T vxgLo| vxggz | vx$0 |vxST o3 | SOTOTYIA S L , ;
N { o:w ' ooedcodde pauuey . . < |
. ¢ m | owvxgzzl vx gl vXx |y Xgr o z 5102d00TTAY ) :
! ’ < ES o ¢t |7 VX2 VX GL9 | VXSETIVX ST ) o' |- soueTdaTy 7 :
} .. e . N . . i , !
_ RN :oauoouav CXTY) TUAOT an T3V axog - 13 - i . “

, , Teaoger \ ‘ u ‘ h o
o .,A =T €18 mhsm.nw oomv co.nvgmﬂoocm o._”oﬁo> Jo ro,non,oham : \M : “ ;
- . g © | votgeasoooe | £zo8eqe0 ootyen | . !
. : ! e aoaﬂ pma,w L __pxenxdg. | » _ L
: [t . - oy 7 -, ; !
N R " N -* “
_ < . (T dMPPo0ag) §509 TRAN}ONLYS JOF STIAST § *I-T CTS FT4VE v ! !
g . . \
, , ‘ |

* i
. o e \ f ,
R e L T T U O U U S SNVIpEIescReeRr LS SRR PRI N h‘s\i&M

- v . - N x i
Pl «
B R R T L R T T L L - VT T O SR O R e P TR m nace ﬁ.&h\




R

I TN USSP ST

MIL-STD-8108

15 sune 1967

(V)

G e et e o S L

7 TR AT TN T,
AN AR AL

ARt

T

T s

R T AT T

KASGSL R o 3 A ki

PR

o3y pssn aq TTRYS TAASY 32U} ‘UMOUY ST STOTYSA Y] JO .UOTIBRISTI00® pIenzoy

513.1-4

~ N

(11 2aNPIVOIL) 9599 TeuoTiecodo J0F SYBA9T I

"II-T°€TS &16VE

23 5:3 ‘UMOWD{UN: ST UOTYexsTooor paenIdy zm@s pasn aq TTRYS - ..EBHo? STY] 4T ST24A9T /[T
v R ) ,K\ . ) .> . K ~ . i P ~ ) v - R 3 e VOOOm. ~- o -
¥ X99°0 . VX99°0| VX990 |vx mm.o ¥X0 o3 - ‘SoTSSTH
. 0°9 w@:unsm,,n punogn
Y X99°0: vxg 0 VX-$TqVv x €€°0- [V X O°T .0% SaTTSsTH
0°6 payouney ITY
- < N ] . . . ER) \'.4. a«a B OONH — ~
. 99°0 ¥ Xg0 YXGTIvVXeeo vxot| % SOTOTYIA
- . : 0'9 A soedsoxse pauug)
» ..., ¢1‘\ w..r' - :l . 1_ ) ¢ i} : .,\
vXxore y'X g1 VX 6¢l YXOT |vX.0T | o'z $8309d00TTaY
Yxo'e VX GT 1, vxsylyxog [vx 0T 0°e wocm,ﬁm.pﬁ¢
A SUOT3004a% Ep oM7) Mo y dn mo:g = aJ0g .~. -
. .T2ad}ey : - -
Adxﬂ.. £1s 08.,,.m..nw oenv, Qo.w .Nomooom oaoa:mb Jo :od..ooa.nn A \w
‘ Hms.o.n pmca v co..num,mo,mwoom £1035920 oTOoTYSA
| _ . . . PIBAIOY.

e
n

T

on 513.1
20 October 1969

e
oot

Inc.

ants,

University Consuli




VIL-STD-810B. :
15 June 1967

The ‘G Jevel duternlned for the test shall be

Z.k.1 Pérfbrmarce o> test.-
in two opp051tc dlrectlons

et~

ziong &3 least three vaually e rnendlcula» axes

ot ¢..1'D_....Cd &l
Ly 3long each axls The test tinme duration in each direction shall be at least 1 minute N n
\9 Pllowing cenzr:fuge stabilization. 4 tesi time of 1 minute is usually suffieient to -~ !° - 5
cterm;ne"b“op :»ratmon, however, the test time may be lnc“eascd. Tnis test time . 4
:nnl*es to centrifuge apraratus only Othcr apraratus may require rodificaticon of i 4
A

The test item shall be operated before, cduring end a

whg conc-us-on“ of each test, end ire resulis comnared with the data obtained.in
cecordance with section 3, General K thremeu~s, naragraph 3.2.1. The dest iten.
caall then be inspected as_spechlegxlk section 3, Ceneral Requirements, p.ragpaph .

3.2.5. - ,
The following details shall be specified in the eq@ipment ;] )

wae woove est +ime duration.

Ga :wx‘ﬁ‘!‘ .

*
’

l'a S d".d."V.
specificazion ¢r test plan. 3
(2) Procedure nuzber if both procedures are not required (see 3). . f
« (b) Pretest data "required(section 3, General Requl“emenus, %
saragraph 3.2. 1). co 3
(¢) Test level and test time (see 3.3 and 3.4). A S Do i
(d) Length of time reguired for operation. and- measurements. - o %
. . i
. . 5
E
3

il : 513,1-5 METHOD 513.1 .-
) 20 October 1969
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VETHOD 5 .1

VIBRA..OM
- H
1. Purngcse. ~ The vibration test is performed. to determine if equipment is
consirucvea to wiihstand exnected dynamic vibrational stresses ond Lo insvre thot
serforzance degrawations or malfunctions will not be produced dy the service vitzatien
eavircnment. Tests specificd herein are esvablished lox cqnipmcwt znzch may be veed in
2 variety of military applications

2. .Apparatus. ~ VibraiZon eguipment with oquired instrumentatica.

3. Generdl. = The vibration test chaits, tables 51b.1-I through 51h.1-VII,

rovide a convenfent weans of summarizing test procedures to be specified in tﬂu equ1n-
icavion or test plan according to various ﬁllluarj applications. Each table

5 To the applicable casegory of the equipment. to be tested. The tables are
o two mejor sections. Section 4, "Test procedure and time- schedule chart,"

the tegis to be imposed on the goulpment end tne uesf time schecdule for euch
Section(s; 3(cC), "Curve selection ‘na.u, spec:fles the vibration test curves
zole 1o thel particular eouxpmeﬂ, categbry and applicatich. Guidance for select~

the vibraiion test for en item is as follows:
(a) Determine equipment category (or cotegories) in accordanéé with 3.1,

(b) Preoceed to the applicable table corresponding to equipment category (a)
“groouga (h) or k.17 for category (i) equipment, Selecu & procedure from
vable based on the following equipment mounting gonflguratlon'

Y

the
(2} Wwithout vibration isolators

(2} WVith vidration isolators

(3) Tied down

(L) Loose

* (c¢) For all procedures except IX, XI, and XIII, select the applicable test
level curve(s) from tables STh l—I through Slh 1-VII in accordance with

3.3 based ou: _
(1) Listed selection criteria

(2) - Detailed knowledge of the specific equipment environment

METHOD 51b,1

S14,1-1
20 October 1969
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znt catepoyy: - For purposes of this tést nethod, équiprent is
*ding to the vehicle 1ﬂ\whlcn it will be installed or iransporied as

(a) Eculp ment insvalled in wirblanes and helicopters ‘(see table S1%.1-I
i

sure 51%,1- l)

(o) Eguipment insg
51%.1-IT and figure 51h 1-2) _
(¢) Ecuipment installed ih. helicopters (see table 51%,1~IIT ahd figure

Equipn

51f.1-3) . .

(d) Equipdent installed in air launched missiles (see table 51L.1~IV and
Tigure 514.1-b) .

{e) Equipment instelled in ground launched missilés (seé table 51l,1~V’ and
figure 51h.1:5)

O

(£f) Sguipment installed in ground vehiclés {see table 514.1-VI and figure
5;& 1-6) .

{g) nqy;nnent transported. by common darriér, land or air (see table 514,1-VII
and Tigure Sik.2~T)

(5}, Ground equinment, excluding category f (for transportation test; sece
category g)

(1) Shipboard .and amphibious equipment or when a ship is the comnmon carrier

(sue b 37

3.2 Jpppliicudle tests. - Fop any(31Ven equipmeiit category, all tests listed beside
the selected procedure for the npl;cab‘e -equipment mounting configuration 1n**ables
51k :1-1 tbroxu. 51k, 1-VIT Shull be performed anles. ctherwise specified. For examvle,
referring to tatle 514.1-IV section A, for testing equipment category (a) when. Procedure
IiI is selicted, there are foui: parts. With four different test levels indGicated by the
ted by "X" 4n all four parts shall be performed to evaluate
the captive and flight phase.

[y

tesy curves. Tésts indica
equipment installéd in en air launched missile for both

st curves. - A curve shall be 'selected using tables Sih.1-I

3.3 Selecticon of test
through 514,1-VII or by making a devailed analysis of the expectéd vibration environ~

riend within the particular vehicle involved. A primary consideration. is the eqnipﬁenn
location with respect to predominant vidvration sources such as high intensity noise of
Jev end rocket exhausts, aerodynamic excitation including atmospheric wind and turbu-
leace, end unbalance of rotating paris. - Additional factors to be considered shall in-
clude atvenuetion or amplification and filtering by structural members., Guidance for

MEMHOD 51%.1 . 51k,1-2 )
20 Jctober 1969 .
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seloeting visrction, curves with respect to Oqﬁ;ﬁﬁeﬂu location o app?” et " i gfvex
Zn sectica(s B(C) of tabies ,ik.l-I through SL4.1-VIT. Applicabie t.st ¢ ~ves fo
«aCh. equizsernt fategory are shiown on figures 51h.1-L through Sih:i-T. v ¢71 v snelonces,
several curves are shown ror one couipmeni easegory. lhen the cquipnmt, &ve 1o itn,
apolication, may be supjzeted vo more than cae 16%El of particular s o S albealicn,
i curve reoresenting fho riecs o0 wre lerel shall be selected. . .
3.4 Exa.ﬁxes of procedurn r~lachicn. -~ The cquipment snccifichti"\ )
shandl identify unink tests are To e i _ogcd on the eqaipment ty .speci”
ccile procedure and test curve(s) wien applicadle. Tables. Sk, 3~T thoes
Plewres 5ibil-L tawagar 5 Sih, -7 eve wrr aaf2l Lo acemmodrie this jdentl it T
3.k.1 Exawpie Ho. 1. - Select the test conditions for equipment to D2 vsed in
ine following annllcatioﬂ. . -
Catezory: Equipment installed in airplane (Jet engine at rear of fuselage)
. . - - R ~ -
Equipment location: Forward hall of fuselage . -
Eouiprent mounting: OCn vidretion isolated panecl
Relerring to table 514.1-II, the evove identi zlcauloﬁ specifies ‘the follouing test .
conditions:
Progedurd
L]

Part 1 (curve J)
Part 2 (curve AR)

resonance dwell and sinusoidal vibration cycling

Part L specifies & resonance searcn,
tc vhe ‘cvel of curve J from figure ‘S14.1-2 within the time schedule specified for
p2re 1 on table 514.1-II. Next, with vibration isolators removed in accordance vith
nove 2, ﬁa“t 2 is merforased whe same as part 1 but to the test level of cuvve AR from
figure ,*L.l—P wit:ip the Ldiue schedule specified for part 2 from table S1h,1-IT.

3.L.2 Exemole Y¥o. 2. -~ Select the test conditfions for equipment to be used in the
— '
foiiowing appllcaU&on. :
Category: Equipment installed in eir launched missile (missile thrust/
' véight ratio 15/L and carrvied on eirplene wing of Jet airplane with
wing mounted engines).

Equiprent location: Equipment in missile booster section

Equipment mounting: Without vibration isolators {hard mounted)

514,1-3 ' METHOD Sih.2d
. 20 October 1969
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~

Rel to 1able 51k.1~IV, the above identification Specifies the following test

-con

s
17 O

™ l’»‘

rring

Procednre II - . ' o

Part 1 - Captive phase (curve H) - : ; et

Part 2 - Flight phese (curve R)
Pert 3 - Flight phase (curve AJ)

Part 1 specifies a resonance search, resonance dweil, and sinusoidel cycllng to.'the
level of curve H from figure S51k.1-% within the time schédulé snec1f1ed for. part 1 of
procedure II on table 51h.1-IV. Thess tests are followed by vpart 2, &. 51nu501dal
cyeling test to the level of curve R from figuré 51h.1-h within the time schedulé speci-
Tied for vart 2 of procedure II on vuble Sib, l-IV. Next, part 3, a random ¥ibration
test, shall oe performed vo- the level of curve AT from figure 514, l-h\lehln the tlme
schedule speci fied for part 3 of nrocedure II on tpble 51k, l iv.

L, Test orocedures. - The basis for selecting a tast procédure (Procedure;I
through XII) for a particular equ1pnenu category shall be accordlng to 3. A procedure
consists of all tests indiated by en "X" uhder the "Applicable tests" \gmn:of‘tables
515.1-I througy 51%.1-VIZ vo the Fight of the procedure number with the duration of th
test as specified under the column entitled "Test. time -schedules (per axis)", The vidra-
tion environme.i, specified by the curve selected from tables 51k.1-I through 51h,1=VIT
in accordance with 3, shall be applied to each of vhgrthree mutually perpendicular axes
of the test item. The eniire 'sequence of Tests may be accomplished for any one axis
before changing to the next axis. The transverse: wotion at the.input ronltorlng
poirT (s) shall be minimized, and should be limited to 100 fekcent of the input miction
except cha reuction machines shall be balanced to reduce transverse motion +/-10 percent.

4,1 Test item operation. - Unléss otherwiSe- specified, .the test item shall be

operated during application of vibration (resona:ce search, resonance dwelil, cycllnb,
and random vibratioh) so that functional effects caused by these tests may be evalueted,
When a test item perlormance test is required during v1bratlon“and the time requlreu for the
ner‘ormance tect is greaier than the duration of the vibration test, the performance

est shall be abbreviated accordingly. -At the conclusion ot the tesu, whe test item

gnall be operazed and the resuits shall be ccmpa“cd with the data obta.ned in accordance
with section- 3, General chulrcnents, paragrapn 3.2.1. At the conclusion of each test,
the test item then shall be inspected in dccordance with section 3, Genera; Rqulremcnus,
paragrapn 3.2.4. )

.2 Mounting technioues. - In accordance with section 3, General Requiremehts,
paragraph 3.2.2, the test item shall ‘be attached to the vibration exciter teble by its
normal mounting means or by means of a rigid fixture capable of transmitting thé vibra-
tion ceaditicns specified herein, Precautions shell be taken in the establishmeut of
mecharical interfaces to minimize the intrcduction of undesirable responses in the testi

MERHOD Sik.) 51k, 1=k
20 Cetader 1969
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seRup.  waenever possible, the fest load shall be distributed uniformiy on theé vibra- E
ion exciter-iable in order 1o miniiize effects .of u.bhlanccd loads, Vibration. anpll— '}
ﬂv " Tuwes and frecu encies. shall be measured by technicues that w1ll not significantly . 3
L eivect, test iten input control .or response. The itiput conurol sensing device(s) shall ’ =
be rigiély sitached to the vibration vab1e or to the ‘nte*med1ate structure, "if used, ?
&l or a5 near as possible to the attachment point(s) of the test item. s
b:3 Combined temperaturesvibration test. - Tests shall be performed under room é
esniznt conditions unlesz a high or low temperature vibration test is specified, in ’ . ]
wniceh case the temperature extremes and time duration also shall -be specified. 5
: *
v p

L.} Ccmeined sinusoidel cveling and random. vibration test. -~ The sinusoidal -
c;c‘ing and random vibration tests éﬁ”‘l normelly ve periormed separately. If analyses
ol actyal o predi cted data indicate a simulteneous sinusoidal .and random vibration
-ervirénuent, the procedure for a combined @qst shall be §pecz£7ed.

k.5 Commen test technicues, -~

.5.1 Sinusoidal vibration tests. - The wvibration ishall be applied along each of
ire three mutuglly perpendicuiar oxes of the test item. The vibratory acceleration,
zevels or doudie °"p’1tuues of the specitfied tesw curve shall be mainvained at the test
iten mownting pg1“vs. Vhen specified, for sinusoidal resonance search resonance dwell,
and cycling tests of items weighing more than 80 pdunds mounted in airplanes, heli~

tory accélerations .shall be reduced +/-1 g for-each 20

cosiers, and missiles, the vibra
souné increment over 80 pounds. Acceleration derating shall apply only to the highest
test level ofr the selec»ed curve, but in no case shall the derated test level be less

u:*nJSO percent of the selected curve (see note 1 of applicable table 51h.1-I through
i o1~ V) For eguipment. weighing over 100 Jpounds and uranoporued by airceraft, resonance
& resonande dweil, and cycling tests may be Irecuency and acceleration derated
seé hotes 1 and 2 of :able 51L,1=ViI). When packaged items are &lways grouped togeiher
o mcc“anxzna Loaa*ng platforms or pallets, acceleration and frequency derating may be
wazed the total load on the pallet. When the input vibration is measured at more
one control w01nu, the control signal shall be the average of all the accelero-

ation

e

('

]

LA PEXUNNIPINTINE: o L, v R TR N e

A

Vord

el

than
weters unless .otrerwise speéified, For masSsive test items, fixtures and large force

xe 1teﬂ°, it is rccommended that the input control level be an average of at least three i
or more inpuis, 3 ) 7
¢ Lk.5.1.2 Resonance search. = Resonant freguencies of the equibment shall be deter- - 4
1B nined by varying the Irequency of applied vibration slowly through the specified range 2
: | st recuced test levels but with sufficient amplitude to excite the item. Sinusoidal ;
i resonance search may be preformed using the test level end cycling time specificd for 3
% sinuspidal cycling test, provided the resonance search time is included in the required 3
T cyeling test time of L.S 1.3, . g
3 . S‘
:, 5.5.1.2 Resonance dwell. - The test item sholl be vibrated along each axis at the §
g wmocst severe resonant frequencies determined in L.5.3.1, Pest levels, frequency ranges, £
? cad test times shall be in accordance with the applicable conditions from tebles S1h.A-I p
3 throuzh S51h.1-V and figures 51%.1-1 through 514.1-7 for cach cquipment category. I 5
i more than four significant resonant frequencies.are found for any one axis, the four f
3 ' 514,1-9 METHOD 51%,1 :
; 20 October 1969 ;
; :
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most severe resonant frequencies shall be chosen for the awell test.. If a change in

{ , the resonant frequency occurs. during <he test, its time-of occurrence: shall be recorded
whd ihvedia tely the frequency -shall be adjusted to meintain the pealk resonance condiw
tion. The final resonant frequency shall be recorded. - - -

AIET R LY IO R sy L
et o BT AAIRT L AW (3AE ¥ AT o T A it T & geds s "ok BRI WA o bt

h.S.IuB Cvcl*nq' - The test 1tcm shall be vibrated. along each axi§ in accordance
Wiuh the epplicasle »esu levels, frequency  range, and timés frém taoles 514, l~I\through
51k, 2=VIT. and f1~ures b1 n“ough 51k,1-7. The {frequency of applled vibration shal
oe swent over the specif xed range logarithmically in. eccordance with figire. 51k, . 1=10%
‘Tne specified .sweep time Is thai of an eséending plus. a descendlng sveep.and is. twice
the ascending -sweep time shown on Tigure 514,1-10 for the specified range. Linear
sweep Agtes may be substituted for the logarlthvlc sweép -rate, When linear swéep .rates
. are used, the total frequency range. shalu be divided into logarithmic frequency bands
hgyin 51m1¢ar time intervels. such that each time interval is.the timé of ascending
plus e qgscendln* sweep for the corresponding band. The sum of these time intervals
shall equal the sweep time specified for the applicable frequency range.. The llnear
sweep rate for each band is then deterrihed by dividing each bandwidth- in cps by one-
4al the sweep vime in minutes for each band. The locar:*hmlc f*equency ‘bands may be g
readi ly determined from figure 51k4,1-10. The ~*equency bands ‘ana llnea* sweep ratec )
aogﬂ in table 51%.1-IX shall be used forthe 2 (or 5):to 500 cps and 5 %o 2, 000 cps <
srequency ranges. ror test frequency rahges of 100 cps or less, no correctlon ‘of the
lihear'sweep rate is required.

2
o

KT LN T

AW e Y e n o DT AL TR M o Rk

<

4§

k5.2 Reandom vidration test. = Thé test. item shall be subjected to random: vibra- :
tion along each of three nutually ne“nendlcula“ axes according to one'spe01f1ed .eurve
AE tarough AP ‘from the applicsble figure 51k,1-l or 51%.1-<5, Test times shall be
acgo"dins,uo»tbe appliceble schedule from tables Slh 1-IV or S1k.1-V, The instantan-
( eous random vibration acceleration peaks may be llmlted to three times the rms accele-
ration level. The power sdectral density of the test -control signal .shall not deviate
from the specified requirements by more than +40, -30 percent (+/-1.5 aB) below 500.
eps and #100, -50 percent (+/-3' dB) between 500 cps and. 2,000 cps, except that -devia-
tions as large as +300, -75 percent (+/-6 dB) shall be allowed over a cumulative band-
width of 100 cps, maklnum, betvween 500 and 2,000 cps.

Tolerance levels 1n terms of 4B are defined as: .

~ : . S . . . it
dB = 10 logy, ¥ : : . %
. wo ) .. .. . ) . . «;

Where Wy = measured acceleration power spectral density in G?/cps units. The term Vg
. défines the specified level in G=/cps-units, : .

Confirmation of these toulerances shall be made by use of an analysis system providing
statistical accuracies corresponding to a bandwidth-time constant product, BT = 50,
minimum., Specific analyzer characteristics shall be as specified below or equivalent.

METHOD S1k.1 ¢ 514,1-6 -
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(&) On-line,\cbatiéuous filter,cqqaiiZétion/analysis~sy§tem having
& bandwidth.= B = 50 cps, maximum,

(b) Swept freﬁuencylgpplysis-system5\characteriged as follovs:

- "1, -Congtant bandwidth andlyzer, ) . ¢
. ¢
e. Fllter bandwidth as. follovs: ﬁ
= 20 cps, maximum between 20 to 200 cps 2
= 50 cps,. maximum between 200 t0.-2,000 cps ¥
W :
"h b. Analyzer averaging time = T =2 RC = 1 second, a
. ainimum; where T = True gveraging time and RC 2
= analyzer time- constant g
R k
c. Analysis swzep rate (llnear) R" or_ B2 Bl CL A 7
(cps/second) maximum, which whichever LRC e K
is smaller, , . %
3
2. Consvant percéntage bandwidth analyzer. <§
’ §
a. Filter bandwidth=pfo=one-third octave maximum %
(.23 f_) where p=percentage and fo = analyzer §
center frequency. 3
. . 4
b. Analyzer averaging time=T= 50 , minimum. ’

Pig
c. Analysis sweep rate (logarit thc) R—pﬁ~ or (pf )2
(eps/second), maximum,whichever el
iRC 8
is smaller,

(c) Digital power sbectral density analysis systém employing quantization
techniques providing accuracies corresponding to the above approach.

AT e a8 R A Larsd AL

The composite G-rms test level shall nob be less than the value given on. fagure S1h, 1~k
or 5ik.1-5 for each, test curve. Accelerometer{s) employed for test level control shall
be mounted in cccordance with L.1. Wnere more than one accelerometer is cmployed for test
level .control, the power average of the several accelerometer signals shall be used as
the test lerl signal control.

25, LA P ot AT,

Frry

& s

4.6 Procedure I. -

%

4,6.1 Part 1. - Proceed the same as in 4.5.1.1, 4.,5.1.2, and 4,5.1.3. The test
level shall be accordlng to onz specifiel curve C through H, J, L, M, Z, AS, or AT from 3
figures 51k4,1-1, 51k, -2, or 51L.1-3 as applzcable for thet equlpment category. Test
time schedules. shall be as specified for part 1 of Procedure I in the applicable table.

£
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itens rormelly provided with vibration isolators Hull be, :

Pary 2. - Tesx
accordance wizh 4.5.2.1, k.5.1.2, and %.5.1.3 with the vibration isolators :
including any other required Holclag devices. The test Level shall be

¢urve 3 or AR from Tigures 514 l—l 51k, -2, or Slh 1-3 §
Test time schedules shall b2 as. specified 'f
¢

ied

edugpmenv category.
i -

the apg;lcaole teble,

«.7 Pwrocelure.il. =
L.7.1 Parc 1. - Proceed the same as in %.5.1.1, 4.5.1.2, and h.5.1.3. The test. 3

shall Ye according o one specified curve C, D, H, or J from flgu*e 51k, 1-k, ,
me scheduies shell be .as specirfied for part 1-of Procedare II as .shovn in: tadble i

7.0 Dave 1.

©al

-
-
)

el
<

v
1,....-.x.V. "

The test level shall be accord- v
Test time schedules shzll !

G

e

31
%.7.2 Part 2. - Proceed the seme as in h4.5.1.3..

ing ©vo one spexified curve P, @, R, or S from figure Slh 1-k,

Ve &3 specifiel for part 2 of Procedure II as showa in taole Sik, 1-1IV.

The test level shall be according

-t 3. = Proneed the seme es in k.5.2.
o¢ curve A7 through AX Ifrom figure S*L 1-h, Test time schedules -shall be

Q
oF part 3 of Procedwre II as shown in table 51%:1-1¥,

4.7.3 Pa.

. S
e specifi
acil N

4.8 Proccdure XIX, -

o

h.8.; Pert 1. - Test items nofmally provided with vidration isoletors shall ve

G with the ‘solato"s in place as in h.5,1.1, Iy, S 1. 2, and 4.5, 1. 3. *The test
shall be according to.ong specified curve C, D, or J from ‘figure Sik, 1-b,
fest time schedules shall be as sp;CLfled for part 1 of Procedure IIT .2s shown on

Pery 2. - Test items normally provided with vibration isolators shall be
+.5.1.1, 4.5.1.2, and 4.5.1.3 with the vibration isolatérs
The test, level shall be

Test time schedules

4.8.2
vizeted in accordance with !
removed out including any other required holding devices.
according Lo one specified curve B or AR from figure Sik.1-k,
shail be &s specified for part 2 of Procedure III-as shown in ‘table SI4,1-1V.

1.8.3 Pord 3. - Next, vibration isolators shall be replaced and the test item ;
vizrated again &@s in 4.5,1.3. The test level shall be in according to one specified
curve P, Q, R, or S frofi figure 51k, l-h Test time schedules shall be -as spec1f1ed
for parv 3 of Procecure III as shown in table 51k,1-3V.

~

4.8.45 Part L. - With vibration iéolators in place, proceed the same as in 4.5.2.
Dhe test level shall be according to one specified curve AF through AK from figure
1.1k, Mesu iime schedules shall be as speclflcd for part L of Procedure III as

showm in tabic Sik.1-IV.

MEDHOD S1h.1 . . 514,18

20 Octoder 1949
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2
n.9 Proced.re IV. - '
5.9.1 Part ). - Proceed the sage as in 4.5.1.1%, L.5.1.2, ond 4,5.1.3: 'he test
Level shall be wceording to one specified curve B or AR from figure 5ik;1-4., fTest time
- schednles shall Ve as specified for pert 1 of Procedure IV as .showh in table 514,1-1V.
8.9.2 Part 2. - Proceed the same as in %.5.1.3, The test level shall be according
2o eurve ¥ Trom Jigure Sili.l-B, Test time schedules shall be as specified for part 2 of
Protedure IV as shown in tadble S51ih.1-IV,
.93 Part 3. - Procezed the same as in %,5.2. The test level shall be according
Lo Queve AS from ¢ Tigure Sik.i-k, Test time schedules shall be as speciried for part 3
of Procedure IV as shown in table Sih,1-IV,
4,10 Procedure Vi = E
£,10.1 Pari 1. - Proceed the same as in 4.5.1.3. The test level shall be accerd- ?
ing tc one spen: it d curve P through U from Tigure Sih.1-5, Test time schedules shall 3
s S - ‘m .‘ - - K
e as specified Tor part 1 of Procedure V as showh in table 5L4.1-V, 3
E
i3,10,2 Pary 2. - Preoceed the same as in 4.5.2. The %est level shall be according ;
raly = 2 . E
10 one specitied curve AP throuzh AP irom figuve S5ib.1-5. Test time schedules .shall be .2
as spacified for puct 2 of Procedure V as shown ih table $ib.1-V) E
%11 Proeciure VI, = E
© )'
' E
g? - 5,3).0 Pars L. - Test itéms normally provided with. vibration isolators shall be . 3
< vivrened with'ihe isolators in pizce as in %,5.1.3. Test levels shall be according to
g N 3 L] *y [N LY 3 S, ] ¥ :. : - Z
s one specified curve P through U frow figure 5i%.,1-S. Test time schedules shall be as 3
3 ; sgecified for pert L of Procedure VI as shown in table 51h,1~V, ;
£
2
; 11,2 Pex - Pest ilems normally provided with vidbration isolators shall be 3
;! vibrazad in eceordance with k.5.1.3 with the vibration isolators removed bub including 3
¢ [ any otner reguired helding devices., Test levels shall be according to curve § from
3 figure 514.1-5. Tagn tine cchedules shall be as specified for part 2 of Procedure VI . 3
y a3 shown in tab.e SL.1-V, S
e vg
! %.11.3 Purs 2. ~ With vitracion isolators in place, proceed the same as in 4.5.2. 5
£ Test ievels sho.l be according to one specified curve AE through AP Tro~ figure 51h.1-5, 4
* Test time schedules shall be as specified for part 3 of Procedure VI a  shown in teble &
51h.:’-"v- ;:’
. 1
Ctoas n Aras " 3
A 4,12 Proc:dure VII, ~ 3
5,12.1 Part 1. ~ Proceed the same as in %.5.2.3, est levels shall be according d
: Lo curve N frow 1g“"e Sih,1-5. Test vime schedules shall be as specified for vart 1 8
- - s, H . » iy
' of Procedure ViI as shown in table 514,1-V. <
;
¢
$
- 514,19 METHOD 51b.1 i
. 20 October 1969 ’ ;
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{ k.12.1 Part 2, - Proceed the same 'as in k.5.2. Test levels shall bz according N !
rH:) ©o curva AZ from rom figure 515.1=5. Test time schedules shall be as. specified for par: 2 ¢ @
o;.”rocr'u“c VII as shown in table S1b.1-V. L
‘ L.13 Procedure VIII. - Proceed the same a$ in h.5.1.1, 4.5.1.2, and 4.5.1. 3 T3
Test levels shall be according vo one spec1f1ed curve V, W, or Y from figure 51k.1-5, T
Pest time schednles shall be as specifiéd in Procédure VIII as shown in, table 51h4.3 ~VI.

chedule A shall ve used for general tests when the venicle (1n which. the equ cxent
0 be mounted) or its mileage schedule is nét <nown. Time schedulé B is to be used

‘v b ©

H

=3
ct U cf
Searar e g

i
Tor mere realistic testing when the vehicle is known. When +test item rescnences telow o
5 cps are measured or expected the test.curves shall be extended to,2 cps end tfe. sweep ‘ s
time shall te 18 minutes (2<500-2 cps\ L
L,1% Procedure IX. - s . q
. - ————— 5 .
4.14.1 Part 1. - Proceed the samé as in bk, '5.1,1. The test level shall be apglied T
cver a frequénéy range of 10 to 55 cps and at a vxbratory displacement of ‘hot less than 3
g

0.030 ‘ncnes,\doublg amplivude. The vibratory frequency shall be changed in: discrste Co
speps of 1 eds and maintained at least 10 second$ at each ;requency. Where possible, !
‘ fixturing shall be such.thet resonances within the test item can. be obsgrved and
weastred, Subassemdlies may be tested separately, provided they are secured to the
exciter in a manner similar vo that used to.mount them in the test item,

vibrevion
‘Vibrazion isolatvors, if any, of the test item shall be blocked during the test. Tre

test item shall have no resonances in the frequency range of 10 to 55 eps that, -éxceed !
twice the amblivude of applied vibration. This ¢riteria applies for equipment désigned ‘
to operate with or without vidbration isolators. '

- ar

Dl L b e pn b 0

2aXs

{ 4.14.2 Part 2, bounce, vehicular., -

RV ALt A g Sx

' » 4,14.,2,1 Apparatus, - A package tester cadpable of 1 inch (doudble amplitude)
displacement and «©f suitable cepacity for testing military eguipment.

L,14,22 Tast conditions. =

(a) Cover the test bed of the package tesver with a panel of 1/2~inch
plywood, with the grein parallel to the drive chain. Secure tke
plywocd with, sixpenny nails, with top of héads flush with, or

4 ) slightly below the surface. Space hails at 6-inch intervals

g around all four edges. If the distence between either pair of

1 fences is greaver than 2L inches, the plywood shall also Ye nailed

' &t 3-inch intervals in & 6-inch square at the center of the test

area. wn *

S edss

e o e

cagcn

(v} Using suitable wooden fences, constrain the vehicular, or simulated,
edapter plate to a horizontal motion of not more than 2 .inches in

any lateral direction.

=

T

T

y -
A

- METHOD S1h.1 514,110
3 20 October 1969 .
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L.1h,2.3 Perlormance of test. -

tep 1 - ‘Secure the test item to thé vehicular, or szmalated adapter
plate in accordance Wluh section 3, General ‘Requirements,
paragreph 3.2.2, and place .on. the package tester with the
constraints. ouullned in 4.14.2,2(b). I the test item woighs
‘over 200 pounds, an approved szmula d adapter plate shall be

usea.

Step 2 - Attac" an accelerorieter as close :as vossible tc ‘the poin% of
test izem att achren o record the shock transnlt éd to the.

ezt item.

Je |.l. :

s

tep 3 - Adjust the package tester, shafts in-phéée and table dperaning,
in a vertical linear .mode, t0. & speéd such thav the average:
value of the random acceleration pea&s shall be T.5 +/-2.5 g's«
Measure this -input with an accurate measuring or- recordiny
sysiem at the output of a band pass filter. The filver band
pass shall be 0,2 tc 100 cps and the attenuatlon slope shall be
12 vo 18 dB ver octave gt the 3—dB down point, Due to the
random nature of the input, pulsés greater than 10 .g's can be
: expected 16 ocecur, however, if they are infrequent, they nééd
nov be used in cglculatlng the average, Perforam, the test for a
. total of 3 hours., At the end of each 3/L-hour period, rotate
the adan ser plate and test item 90 degree$ -each time in the

sard direction.

°©

tep b - At the end of the 3-hour peridd, operate the test item and
compare thé fesults with the data obtained in accordance with
section 3; General Reguirements, paragraph 3.2.1.. Thén inspect
the test item as specified in section 3; Genersl Requirements,

paragrapnh 3.2. b,

.15 DProcciure X. - Proceed the same as in 4.5.1.1, %.5.1.2, and 4.5,1.3. ‘The
level -shal. be accoréing to specified curve(s) AV, AW, AX, AY, AA and 43 from
T t time schedules shall be as specified for Procedure
Ubnn test item resonznces below 5 cps are measured or

est
f&gurc 51k.1~7 a5 applicabdle.
X 2s shown in tanle 51h.1-VII.
beeCVbd the tést curves shall be.extended to 2 cpS.

k,16 Procedure XI., -

k.16,1 Part 1. - Procecd the same es in part L of Procedure IX.

L.16.2 Parv 2, bounce, loose cargo. -
%,16.2.1 Purpose.~ To determine that the equipment, as prepared for rield use,
shdll ve capable of withstanding the vibrations normslly induced during transportation
251002 cargo. Xquipment in this class is normally trafhsported in a shipping case,
transic casé, or combination case.

51h,1-11 METHOD 51k.1

20 October 1949
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4.,6 2.2 ipparazus. - A package tester capable of 1 inch {double emplitude)
isnlacerent and of suizable cepacity for <esiing military equ’i»pment2

4;16.2.3 Test condiiions. - T
W

he test bed of the package t&ster shall be covered
with a panel of 1/2-ineh 3lywWood <

he grain parallel to the drive chaln. The

- 2
piywood shall be secured with sixpenny nails, uluh top of heads flush 'with.or slightly
below the surface. Neils shall be spaced at ‘f-inch intervels aréund all Tcur edges..
ir <he distance beiween either pair of Tences is greater than 2l inches; the Plywodd
stall also be "a;’ec at 3-inch indtervals iA 2 6<inch square at the center of the test
area. Using $uitab’e wooden Iences, consirain the test item to a horizontal motion of

incﬁes in e direcvicn narallel to the axes of 'thé shafvs, g distance
insure the test item will not rebound rrom fence %o fénce.

}

33
&
ct
[£]
it
Q
5]
(4]
<
b=
ﬁ
N

- test. - The test item, as secured in its shipping case,
ion case, or &5 otherwise prepared for field {ransportvation,
ster within. the. constraints outlined above. The peck-
ne synchronous mode with i the shafts in phase. (In this
the package tesier will move in a cireular path in & verti~
he axes of the shafis). The package tester shall be oper-
de and 238% rpm +/-2 rpa for a total of 3 hours. At the

2
mode any_point on

ersendicular to
ated et 1—-ﬁc double emplitu

e
ent of each l/2-hour period, wurn tie vest item to rest on a different face, so that
a% the end of the 3-hour period the test item will have rested on each of its six faces
(zop, bottom, sides, ané ends). At mhe end of the 3-hour period, the test item shall e
operated and vhe resulis compared with the «data obtaineéd in arcordance w‘th sectvion 3,
Generzl Requiramensvs, paragrarh 3.2.1. The test 1ten shall then be inspected as -speci-
fied in section 3, Generel wes;zremenzs, paragraph 3.2.4. The package tesver shall e
cperated in the vertical iirear mode {strright up and “down in the vertical plane)
instcad of in <he synchroncus mcde when one of ke foliowing cqndlulons oceurs:
(a) Bouncing of the test item is wvery severe and presents & hazard
to personncl,
(o) Ferward erd *ea“ oscillations .cannot be reduced. Vhen operatved
in the vertical linear mode, wooden fences shall be placed on all
four sides of vhe test item to constrain its motion.to not more-
than 2 inthes in either directionm.,
k,17 Proecedure XII, - For shapbcard and amphibious equipment or when a ship is
the comzon carr.e‘, the vibration test shall be in accordance with Type 1 of '

\xl ~STH-- 107

5,18 F ocedure. XIIX, -

4.18.1 Part 1. - Proceed the same as in part 1 of Procedure IX.

L,18.2 Part 2, bounce, svstem shelter assemblage. =

YITHOD Slh. 51k, 1-12
20 Ociober 1959
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roose. - To insure that the system shelter assemblage shall be capable

andin; the vibrations normally induced’curiﬁg transportation. The syster
of eguipment mounted in a truck or tresiler, ‘or-equip-

W < - R
It shelier assembiage inay coasist 3
- - . - . . 3
rent mouwnted ia & shelie? wnich is then mounted on a truck or trailer. -
i
3.28.2.2 Perforiance of test. - The system sheltér assemblagé shall be driven <3
five times over the secvions of the .Munson Tesy Course at the Aberdeen Proving -Ground,
Abér’aeﬁ, “avjlﬂ"d or approved egual, in tﬁe following ordér and at the- spacified K
speeds. (See k.1..) 3
Cocerse waghovoard (6-inch waves spaced T2 inches apart) ~ 5 mph X
Selgien vlogk 20 .mph 3
Radial wasiboard (2-inch to Y-inch waves) 15 mph ‘ je:
< Sing‘n corrugations. ‘(k=inch to &-inch waves) 20 mph. 3
Any short secvions between the above sections 20 wph °§
5. Summerv.- The following details: shall bgfspec;fied}in the equipnent specifi- ,g
cation. or test plan: - PO - =
- 3
(a). Procedure nutiver (see 3): %
. - 3
{b) Pretest.data réquireé (section 3, General Requirements, piragraph 3.2.1). K
{¢) Curve seicction (see 3.3). . é
. . -
. . . . - . . 's
(a) Acceleration or frequency derating of selected -curve, if required p
’ - N P
tsee 4.3.1).. 3
. (e) onoperation 'of equipment -Guring test, if desived (see h.1), 3
e . E:
(2) Limitation of transverse motion (see k). é
] {g) Temperature extremeés end test time durations (see L;3). : '%
3 3
/ (nh) Procedure for combvining sinusoidal and random vibration, if applicatle B
%. : . {see k.k), ;.
ot - pe
. . : - ' T
T (i) Total vehicle rileage (see table 51k,1-VI), ;
E . :
‘- ; (3) Total land transportation mileage (see time schedule in table 51k4.1-VII), 3
b ]
= ' . 3
LA 4
! . 4
2 >« :
u + 3
- i
d oy . i
E .
4 ; 51k 313 . MiSTHOD S1h,). }
, . . \ ;
‘. _ 20 Octobor 1969 :
W ! i
- {
A . :
3 oy ;
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TARLE SHl-1

A, Toot procedure and time scheduie chart for equipy

isment installed in airplanes and-helicopters — equipmentcategory (a)

{ ~ >y » O = = . ~ . ¥y - -
! Appheabls ests Test time schiedule (per anis)
{ (see 4 for testuprocedures) .
i I ’ * {Dwell tiine | Sinusoidal|  Sweep time
; Gywpreent  Proczdute ProcedureiResonanceiResonance;Sinusoidal]  at each cyeling T 1 Curve
1 seaatig nuniler pat search ; daell | cychng {zesonznces  times |} 5-500-55-206G-S! (note 1)
§ vorh urativt nwroer (4,511 0 (3.5.0.2) [{4.5.03) | (4.5.LD) ¢ (4.5,0.3) | eps cps
}\ulhou. nk-:..non 3hrsles R )
i nolutors i I X X X 30 min d\.cE! time min L20 min M, ZAS AT
! . . 3-hes-less )
I VAth vibratioa 1 1 X X X 30min, [dweli time| 15 min}20 min MZ.ASAT
| isotators {note 2) S Ea~ e -
i 2 X X X 10 min 3min | 1S min 20 min Bé[{
T Noimally with - B B o~ i
tvibration isolators " . . . . PR YR . :
but tested without ! 2 X X X ’ 10 min 30min | 153min|20min| B,AR
isolatora. . . - § . PR - -

-

For siausoidal vibration resonance tests and cycling tests of sitems
wmounted ia alrplanes. 2nd hchcop(cn and v.clg‘ung morce than 80.
pounds, the vibratory aceclerations shall be nduccd by +/- 1 g for cach
"0 -pound 1acrement of weight over 80 pounds. tHowever, the vibratory:
accclc ation shall in no-case be less than SO percent of the specified

cuive fevel,

Note 1:

’lusl itemssof ‘cquipment normaily prov:dsd with vibration |solatoxs firste
Al be tesied with the isolaiors in place. (Part, 1), The isolitors then
sh H-be gemoved, and the~test.item Tigidly moumcdfandtsub;ccwd to

the test leveldndicated. (Pant 2)

Note 2:

B. Cuzve selection chart for category (a) equipment

Sclection critetix "Curve (forsfreq.

Cusve (for.freq.
10 2000'Cps such

. fo 500 cps) as iet aircraft)
LZquipmeat desipned Yor both helicopter and anplane )
applications when the location in the applane 1 in the forward half of fuselage or M AS
in wing arcas of auplands.with engines at rear of fuselage.
Ecu:pment d\sibn;d for both helicopter and airplane applinalions when the-
focalon m the airplane is-in the rear haif of the fuselsge 0 in wing arcas of VA AT
airpicnes with wang or froat mouaicd enjnes of other equipment or engine ’ .
locations not specHicuuy mentioned {o. other curves,
3 Eqguipment mstalled on vibration isolated p:mch or racks when the panel or rack is
y oi available fur test or ‘when the equipment is tested with isolators tenioved as B AR
i speatind by the appicable procedure.
L[]
514.1- 1% METHOD 514.1
20 October 1949
C-29
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; }" . . b3
f TABLE S14:1-11 . i3
- Ao TS procedure and tin schedule chait for equip.nent installed in alrplanes — cquipment category (b} ¥ E
3 . ,\:"‘l'“‘b S Test time schedale (per axis) i 2
. ! : (sce 4 o7 test procsdures) A Nl . . . g
L ' : { DwelLtime] Sinusoidai | Swicep time v g
% . 2§'mc.,w.c§ SrocedureiResonanceiicesonznes Sinusoidall  at cach cycling p=—m—e - Curve f ..3
5, \ taumoer | patt search 1 dwell 1 cychng | resonance time 5-500-55-2000-5; (not¢*l) J&
- * . U ausber | (450, Fa.502 (4503 | 4.502) cpsi | ens . : 1
4 VXD . N « N H i . ~ yy e, 3 N z
Wilieat vibiation t 3 3 hreless CDEF,.p. i3
. iolators i ! X | X X 30min | dwsll ume j15.min 120 min (G, Hi)orL . . ¢ 2
: — — : : — - = it £ 2
- . i 3 hrsless C D.EF, bod
| Wnkwbiaton 1 X i <, X 30 min | dwell timse 15 min,{ 20min  GUH,01l. 4y

bA - ~ - i
isolators tnote 2) 1 T ~ K i . N s ’ !
2 X F X ! 10 min 30min {15 min-20 min i}.r\B ¢ i i
i Normaly with ’ ) A; ! 5
ivdiaton wolztors) 1 2 X X X 10 min I0min | Smin{20min | B,AR -
ibut iested wishout g ° P
: [PER4

I dssaiors [ . . . - . b
- 2 ~ I
{3
. | B
, | o3
"Note 1: Foz sinusoidal vibration resonance ftests and cycling tests of items 3’;
mouated ia al.pl.lm.s and weighing more than 80 pounds, the vibratory "3

- ‘C\.(.lul(ﬂ'ons sheii e recuved bre +/~ 1 g for.cach 20-pound increment R “a ’
o.nwelg... over 50 pounds. Howevet, tite vxbr..lory aceeleraii~n shail“in 'a
no case be less.taan 30 percent of the specified curve level E
Note 2 Test iiems of crunmcnu:-.or.naliy provided with vibration isolatdrs-first 7,;
.« h.m be usud with the isolators in place. (Pazt 1). The isolators then o &
shalt"bé mnovud ‘and test item.rigidly mountedeand subjected tos the : 3
185t leved an .\u.d Part 2). ., s
“ T
. 7
\I
B, Curve silection chart for category (b) equipment ) k
l ) ’ ' Curve (for x’uq ’ 3
: _ Cusve (for-freq.. g
l Selection critesi 10 5(()0 cps)q | 102000 cps such ;8
l as jet aiféraft) PR
i j ) R
3 ; F.q\..;.n\.cm mstaiied one ~vibration isolated pancis or racks when the panel or rack 15 b
N r.o: avay lable for test or when the equipment 15 tested with isolators semoved as B AR H ;’
b . ; PN .ed by the applicuble proceduse. . -
b3, - — - - ~ H X
- o3
;‘% : Squipment in forwand half of fusclage 0r equiprient in wing arcas of airplanes c J 1! d
3 | Wi engines ag sear of fusclaze. il D5
A
3 : A e - i
3 { Sgunpnent n oae hal of fusciage of cquipment in wing arcas of airplanes with * <
3 | win. 0r froni mounted cngines or other cquipment or engine locaiions not D H- L
3 1 spec.ficaltly nentioned for-other curves . ' - . v
- - , Ly
3 i Eqaipment located in the engme compartments 07 pylons of airplancs E G § 2
11 ; ‘4:
3 i Equipment mounted Gizectly on airplane engincs F ‘1
A - . o
<5
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TABLE 514 1-H1
A, Test-prosedure and time schedule chart for:equipment installsd ir helicopiers < cquipment category (c)

PN v

rounted in helicopters

..»I\.Plun.

of wreight

{ - e - = — -
pplicable Tests A ; et tn : ;
. {sc2 % fur test procedures) ) Tcsg' }m\: schedute (per anis)
| I = e " : PN .
’ Dwell time | Sinusoidal | Sweep time ],
Equprieat  Procedure Proccduchsonancc ResofanceSisiusoidall  at cach cycling Curve
LOUnting number purt arch 3 dw \,h cycling | resonance time Y 5500-5- {note 1}
confsgaration number (’-.5 LY '(-.) L2) j(5:35.1L3) 1WSLY | @S ops - .
{Without vibsation N 1 3dusicss | ’
wolators i i X X X * 30min | dweil ime 15 min MoL.
‘ ) T 3 hrsless ) o -
With vibration : 1 X X X 30min | dwell ime?y .i&min - M
ixolators (finte 2) R e mreme - - 0 e
2 X X X 10 min 30 min 15 min
1 Nosmally with ' 2 e -
vibiution isolzios : pi X X X | Homin 30 min 1S min B I
Jbut teeied withous . ! :
150ators ) . } - .
Noic It For sinusoidal vidmiion resonsnce tests and cycling tests.of items !

3 aad weighing more than”80 pounds, ‘the
vm.atmy accelerations thuii be reduced by +/- 1 g'for cach 20-pound’ .
80 porads. Haowevern the vibratory

over

accc:era.lon shall in no case b less than 50 percent

cusve level,

Noie-2:

2 “ithe specificd

Test items of ¢g ulpn\.n. ncr-n..l!y providcd ‘with vibration isolators first

shall Ue tesied with thé isclators in place, (Part 1). The dsolators then
shall be removed, and the tést item rigidly mounted 2nd subjected to
the test levilindicated. (Paet 2)

B, Curve selection chart for category {€) cquipment

Selection criteria Cugve
Equipment desi;ncd for hch'Coplcr applications only M
Equipment iastalied oa vibration i‘ohh.(' panels or m..ks when the panel or rack is .
not ..v:.l.nblc for test or w unu.xc equip.nent is testedewith the isolalors removed- B
as specified by the apm.cablc procedure. .

e
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J o3
- i TADLE $14.0-1V » ?
A. st provecurs 3ad time sehedule chant for eqmpraent iast 8led in air haunchied missikes = cquipment category (d) k
{ . i Applizabie testy - J ) i
Rl Ny o
. i ; i (s e 4}3 test procedutcs) Testcnme schedule yper ans) 3
. - - ~
. i l i !! Dwell time| Sinssoidat | sweeptime 7 l ‘;’
o G L AV SR T Ty c(omnccRnamnc;mr.-so.da Random, ateach eyding e __{Randony  Cune F
WOULLAE ? oMt puit : search | dweli qd.n‘. fesonance tine $:500-5 "S- 20005! time ] (note 1) 3
Wl A, focber F S D HAS LY ESAN LSS @sanl @i ] o s b H ?
T = >
| e ( | 2hevioss ) 15 min| 20 min «C.DMor). . §
© Wi v.ahon W) X X g X 3 30min { dwell time P
iBaliun ~ . B S EM [ o : ,1 . K
. B2 g Iox b 30min [1Smia | 20m0 PQRois | t¢
L . ¥
. ghn x 30min | Goe of ot | 3
' ! . . iR this AK R
! i : i 0min | 2heeless: . 5
taaptive), X X o7 X ¢welitime’] 1Smin } 20 min C.DRoy s 4
- = = - -, v 5
With v.bation. Voo i T _ . 7 } ’
isel.ivn il Twapwedt X X X 10min § 30min {.1Smin| 20min; Bor AR 2 4
{rote 2 e a— : = - N s . SR R S RS § 3 -
: ! B P ) - i T 5L
. i 3igh) ) X ! 0min § Smin{ 20mh ! P.Q.RotS 3 , H ;
: i U : — A 7 v
. : » Afughty! N i 30ming Oncol Al - "
B . - . thiy AR b

i Nowraauy with 3 ’ ) . @

HEE T W0 i 2 huseless Bor AR i d,
w1880 withoat, eptvet X X K 30min | dwelttime | 1S min { 20 min , R i ,:
VdatOn .so.uo-s, e - - { 5%

v 2ufiaght) : X Jomin: | 1Smin] 20min N ; .
Sukight) j X 1 Qmin| AL ° ! g
. ~ 4
B. Curve sclection chart’for flight phase category (d) cqulpmm( . 3
N :

s Approumm‘lhmst Vlbuhon test Cupves
Nowe it lof sinutoida] vibration resonanes tests and cyching tests of items mounted | Equipraent location} to weight 1atio or E
wt mitsiies and weiginag moie than 80 pounds, the vibratory acceleration by vehicle section | thrustin pounds § Sinuseidal’] Random 4
shail be reduced by =4« 1 g for c2ch 20-pound inczement of weight over 50 . - - i
pounds )Iowc\er. o vabatory aceelezation shail in no case be less than $0 2071 o creater S AK . 3
pescent of the spraied cune lavel Boost RBAKSITETH R - Y A
Note2:  Testritems of cquipment pxondcd with vibration 1olators first shall be R S11 ot less Q \H ]
tested with the wowtors in place (Part 1), The wsolators then shill be PAt = 3
iermoved, and the test item nipdly mounted apd subjected 10 tne test Alleacept 1511 og preater Q AG b
Lovel iadieated, (Part 20 Bsolators shall be.teplaced and the test item Booster Less than 1511 Pl A X
subjected to the test levei indicated. (Pasts 3 & 4).. = = e . ;
B ! L
]
€. Curve selection chant for captive phase category (d) cquipment N
i . b
¢ - > g ' b
' Curve (for f1eq. x
! Selection critens Cunve gg" r‘:“' 10 2000 ¢ps such as

. . to 500 cps jot aircrafe) i
e . i
f Squiaaat 1 mnits attached to wing of auplanes with éngines 1 rear off uselage I . J < ‘
% A
¥ - o ¢
 Equipraent in musiles catrted on auplane fuselage.or attached 1o wing wn auplines o )i y
. Wilawang of fiont mounted ¢omncs 1(
t Z-.q.mr.cm in missties catned on aplanes of heucopters and iastalled oa wibration ’ N
; Bolwd pancls of racks when the paned or rack 1 not avatiable for test oz when the B AR A
o CRuipiaenil 8 tested wath ssolators removed as spacificd by the applicadle procedure g
< : . i

A
. i
3
4
R %
4
CH
!
R, R
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FIGURE 514.1~4. Vibration test curves for equipment installed

in air launched missiles — equipment category (d)
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TABLE S14:4-V . b
Ao Tese protcdure and tane schedule chart for equipment installed in ground launched missiles < equipment category (¢) i
i o il " ,\')p‘xnbk tests : . T o0 3
' ©e 4 Tést time schedule (per axis) 4
. for test, E.oc;duxus) - ' ¥
. i i Sinusoidat ¥ . 31
, Luipment g.‘.occdu:c'Pmccgﬁmc Sinasoidal, Random j cycling Sweeprtime Rapdnm Curve 3
: wmounbiny !onumoec | pan ¢ycling time 520005 [ time | (notest) i
SO 000 ! numbet | (4.5.1.3) § (3,52 )] (451,3) cps : 4
= S H ik
v Without vidiation o i X 30 min 20 min One of P thiy U d
i olators 5 A% - - - - = ‘s
| 2 X: 30 min | O of: AE tharAP g
T - - > > - 3
T T r ry o N ~7 £y - ~ 4
1With viusation «solators. | . é
1 (nate ) AL ¥’ X 30 min 20 min OneofPthu U -~ . " 3
. ! 2 30min | 20min N
: i = ~ o - < e
. Po3 X 30min |One of AE thru AP ;
. 5 Wiy Weih viD, - ' ‘ ’ ) 7 2
| i50in.078 bui tosted ¢ ;
Uwitnout isolators. | Vi 1 X 30din | 20min N z
H H IR L - ~ . )2
! : s e iy
! ‘ 2 X 30 min AE. -
1 ! £3
i - ——— - :
L] ‘ q
. :
H
Noie 11 For sinusoidal vibration resonance tests and cycling tests of items mounted
h in missiles and weighing more than 80 pcu-xds. the vibratory accelerations . —~
( shait be reduced hy +[—1 g for each 20-pound increment of weight over 80
. pounds. Ilewever, the vidratory acceleration stiail in no case be less than 50° )
percent of the specifiéd curve level et
Note 2:  Test ateras of cqmpment .\..—mny provxdw with vibration isolatofs first
shall be tested with the isolztors in place. (Part 1) The isolators then :
i shall<be removed, and the test item xmdly mounted and- ;ub}ccud to
the test fevel indieated. (Pat 2). Is0iators a_..l be re-
’ praced and the vest item s b)ecuea to the 1
< test level .indicated.(Part 3) £
E . ;
e - D 7“
> - B. Curve selection chast for category (¢) equipment
[ = T
3 i Appromumate thrust to | Vibration test curves
¢ Equipment location weight ratio or
} by venicie section | drust in pounds Sinusoidal Random
{ § .
i Al excent booster | ALL Por.Q | AE,AF orAG
) f 250,000 1bs. or less QorR A, A), or AK
N ! By individast 250,659 tbs to RorS [ AK,AL,or AK '
i booster stage 500,000 ibs
! Over 500,000 ibs TocU | AM, AN, or AP
A i .
i
3
:x .
3
] ( - Co
3 S514,1- 22 _METHOD S514.1
20 October 1969
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SINUSOIDAL VIERATION CURVES
: ApCCLEEAflON l.lZVE\L!H 2 g (PEAK)

[ AN
}

LN ;
A |
L
! : Py iyl

A b ] ;
! ] o ! l '! 3
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i l N I {
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{ U g 3
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1 1 oA [ 3
\5 19 18 23 40 7 708199 120 ;
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FAEQUENCYCPS) g

BANDOM VIBRATION CURVES

RANDOM VIBRATION TEST LEVELS

Tesr | ACCELERATION PowFn [CONPOSITE]
RANDOM VIBRATION ENVELOPE cugvg| STTCTRALDEMSITY | Gufivs
. vi, 1G2/CPsy  [rainpani
AE Qo2 54
ACGUIRCD CURVE SHAPE - . AF 0.04 T
CURVZ AE THROUGH A?
* AG v 9.2
A 010 120
Al 0.20 169
AX 030 207
AL 0W 2295
AM 060 263
AN 180 *379
\d 1,50 A48 4

2 2
nove:cotPoITEG-ms () wina)

WHERE {y AND {3 ARE THE LOWLR AHD

UFPER TEST FRTOUENCY LRAITS, RUSPECTIVELY.
r Vil S (1L ACCILENATION POWEA SPECTRAL
OINSITY IN GUCPr3 UNITS,

FRECUTACY (Crg)

FIGURE 514,1-5, Vibration test curves for equipment installed
in ground launched missiles — equipment catcgory {e)
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4 A, Tast procedure snd time schedule chart for cquipment installed in ground vehicles ~ equipment category (0
‘ T _-"-3' T .»\p';li*:bl‘ N
A ) PSRV Tosls ~
% ; ! ! (s02 4 for test procedures) Testtime scheédele (per anis).
», \ B e e R e T T Bl i Nl N Rt bttt <l: i
; i | || Dwelitime | -Sinusoidal | Sweep 4
5 { : Proceduse;Procedurc Ruonnm{(emm. mx.soi dall Bouncd- ateach  ° C)chn © time
o . Gawnpment aumber ' pant search | dwell ;c;dmg l\c.ucuh: esonance time $:800-51 Curve <
= *_cenditions ! vonuber ¢ (h3E 1) (L3 TESLS) @ U (0S5L2Y (4.5.1.3) cps ]
3 H i i ‘ ! . Schedule A Lo
R B ? ale ¥ oy M
H ‘.c':.:\.:ind i I Bhrsless §1S min &
: Bhaage au S . . et . )
A T unhnown Vil | X : X X .. 30 min dwell time (no(c\l) V\WorY..
E s ' i s Schedule B
3 H T g y
i ! !‘ . , Dwell. 176 of | 20.min/1000
, ! i cychng time atfvehicte miles or o]
4 z\'chic known viui X . X X ¢ach resonandeias determined, ) 15 min V,\‘.',pr\’
4 H i (30 min max.){" from vehicle (Mm))
3 : § mll&.‘lb\. (-h.\ll
i 3 ~ e : : .
A G i > : )
fro b ueed onty | X X See 4,14.1 o
wien s,pecified X == : : e -
3 { 2 ' { X See 4.14.2 . R . b
i rxv o 1| i ne9g. 00 N ' 3
F Note 1 Sweep time shall berl8 minutes if test freguencies gosto 2 cps. 3
B, Cuiveseleetion chart for ategory (1) equipnient C. Vehicle miicage selection chart
3 j . . ! ) - Total
. Seiection enteria + Curve Group . Classification _ Mileoge
3 t . aman
3 b ot e N Trailers, semitratless, and dolties: - :
9 1 ‘Wheeled vehithes eneept ‘ , A Traters, seraiteailées and Gollies~. v v v v v e e e 6,000
F: ! tworwheeled traalers | V B Troller bothes 0ad 0QUIPIENT . . 4 4. 4 o 3,000
{3 , C  Electronic ang misssle systems teailers and semutrailers . . . 4,000 R
i ‘ ., s aliiala U - P
- : ceked vebicles i W Wheecled vehicles: i K
4 [ o l . D Tactiaol trucks (SeeNoted . ... v h 53
. IL Tuo-wheeled tnailen | Y £ Truck bodies, cquipment {See Note} . . . . :
4 - F Light weight, low mileage trucks g
2 T=SprUngIynNt o v v v v v v e st s e oesn.s 4000 .
[ 2-UnSpungiypes « v v v s o s s e a0 00 e . 5000 Ex
" G Highflotationvehicles o v v v v v v v v v o v oo on e 4000
£ H O AMPRIDIOUS + e v o v v v v s asvsnseneonessns 8400
) | F«rc!rucks.........................5.000
g 3 Commercial trucks, busas, nasscnqerc Ceaa e . e . 35,000
' ) Tracked Vehicles:
‘ K Torks and seif-propelled (SP) weanons . v v« a v 0 v « 0 o 5,000
1, L Acnmored perscanei carners (APC), cargo carrsers, mussile v
'R support vehicies. wreckers. recBvery vehicles
' - and cargo tractors (with towed load) . . . .., . .. 6,000
[ M Engincer combat vehicle (ECF1 and engineer
& SSSTultVeNICI, €18 + v v s h e s v s s e s e e e 5000
N N Engincer crowler tractors ~military type « o v v e o o . . = 6,000
N O Amphibious vehicie (VT wype! L .. o ... <. 5,000
| g P Turret-mounted acsessorics such as integrally mounted
b flamnethrowers and searchliohts &, o 0 o v v v v v v 0 700
¢ Note:
A Unlcss othenwise .speaificd, when equipment mounted in group D or
' vehictes is not part of the basic vehicle structures, the totaf test
- mulengc for group 8 or C vehitles, as spplicable, shall be used to
o detegmine the st time of the time schegule B,
g g
[;
9
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4 20 October 1969
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TABLY $14,1-VIL . 3 A e
£ Test prodedure -nd tine schedule chast for equipment transpotizd by ¢ c.:xm:ry.lmd ot akftqulpq\enlc1uaou‘(§) ..\ J 3
i Applicable tesis * Time scheduie (per anis) - - _;:é
N (s for test procedues) - . v Cunve i
[( Souncs §Dweil ime - Smuu;udal S“’f::" - g 3
N 3 SradeqResonsnce Siauandall looke atenn cycdag. -1 .

e ?:\t:;u::‘ Pm;:;:lun Rt';?:t:ﬁ :;:.J?n!_')\!::‘ ;1 pooiogl Mbico 4’“31 eg . ssmrs (m;(;;)l lc
jeondibun nombes § (LS 18,50 18.5.0.3) G160 (G412 { 1.513) (nnlc n | el i
' ) T Jgens ) au) tandfaun] tang] A ,
. : 3 . . . - 4
Yued goun A A X 2 ‘;; r"ﬁ‘ ::n :u 15 min 'ISm\n I:\‘;(;\W. ‘ P
(rg‘:::'ﬂ ) ) (n;))lc .a;:n (n;))lfin;);t “ notf Man o_rAQ g ;
T N s | Sceddbd . f
PO N R i X TSec 4162 ] ) 1
( - : {
Note i For sinucoidal vibration resorance tests and gycling tests of items transposted in: . v S
&lrplanes end helicopters and weighing more than 1CO pounus, the vibratory acceler- .
asions shall be reduced by -r-/--~ g for each 25~ pouwd ihcrement of weight over 100 I
pounds, Jerating shall &ppAy r only to the highest test level of curvesnY. However, ¥
vhe vibrolory acceleratioan snail in fo case be less than 1.5¢. . ry o
¥olo 2: For equﬁ“"zﬁa trans “*cd in aL crafv and weighaing more than 100 pounds, vhe upper L R
fregeency Unii of cufve AY of [ijure S,h._-7 tay "be redueed according to the cut- Py
of I frecuency vs. we;gn, r‘qa*“eren; of figure 514.1-9. ¥When.a transit case or ¢
erate ic provided for the iten, ihe case or crate shall be ingluded in the test ? B
SCE~uP -o“ accele*at: noand frequency derating. . H j
Hova 3: Sweep tixe nay be as long as 18 minutes if fest Irequendics go to 2 cps. f N
Rote &L Vnen ~L~z1n vibravion ib lated items, ihe resonant dwell tirne .shall:be.broken .
intlo 5-:inute zest pariods with 2-minute shub dovn intervals. > ; b
Noto 5: Total test time per axis (resonant dwells plus cycling) is 15 minutes per 1000 oo
riles for lan urﬂneporta ion or one hour for aireraft. transportation. For ;
CcuiFLuﬁb su*p sed by both lan “hd air, both tests shall be periormeq,, {The S
load vehicle cycling tinme of 15 m Lues “cv 1000 miles per axis is réduced 2.5 g
mivuves per 1000 riles for “eoonancc that axds, and th» aireraft cycling time ~ "
of 1 hGa“ per oids is reduced 10 EL nutes for each resonance in‘thal axis. Land -
wrensportation times are per 1000 vehicle milYes,. which may be -determined from M
b“e ..:‘. rv) * :
Yove b: dand a.d air curves for Procedure X shall be cycl ad sekaratc]" in accordance with . i
the appiiceble time schedules. Thne dwell time Jor each resonance of non-isolated Cod
wlems zhall be determined #r oA the total ¢est time of the applicable curves. For Cg
. Gxample, i the resonance occurs where the applicable land vehicle -curve repre-~ !
sents « higner o «evel, the item shall be tested at-each resonance (maximum of four) Py
to the G level of ine appl_Cab*L land vehicle curve with a Lest tine for each ’ %
rescnLnce caual to 176 o the total test time per axds for the lend vehicle. Con- ; 3

vc“se“v, il the alrereft curve is egual to, or higher tran, the land veicle curve, )
the item shall be testad for each resonance (maxdimun of four) to the G level of i
e h~kcra:t eurve 33t a test time for each resonance egqual to 1/6 of the cycling T
tize per axds for airerale. P
Note 7: ‘Yhen & tran s‘z case or crafe is provided for the test item, the case.or crate shall T
be included in the test setup. * L
B, Curve selection chast for category (3) equipment
¥,
lection critetia Cusve P
) Equipment stupped by tracked vehilsles AV 45
Equipmens shapped by traek, senutsailer, of caltoad AW 4 '

Fquament shipped by two wheeled tralers 3
Loupment shapped by aeralt AY '
Mourtadtems Cysling AA
. ;it&(\;xt;uum( wiw 3y Resonznce dwell AQ .

Noto 1:
rango (bolow 13 and 20 c¢ps, rospectively) and a curve -appropriate to the mode of

For vibretion isolated items, curves AA and AQ are to be used in tho lower frequency

portation (AV, AW, AX, or AY) for higher frequencies,

. S14.0- 26
C-41
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TABLE 514.1-IX 3
Lincar cycling rates B
Tosal frequency Prequency band swgn“{:“:':;‘: n Linear ::yclinr, B
range (cps) (mir-mat-min) rae {cps/min) ) i".
2-500cps of 2105 3 2 i
5-560 cps 510225 6 5.8 &
»as appitcable 2510140 5 35 - 4
{ , 11010500 . 4 B 195 3
~ - . '..—\ 4
§1022.5 6 . 5.8 R
2510110 5 35 - b
52060 ¢ps 110 10 500 4 195 ;4
500 t0 900 3 267 i2
900 to 2,000 2 1,100
.
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~ae Scurce for pages C~46 through C- 73 55: $IL-STD-B1B
szlitary S’:arda =d Envirommental Test Meéthods, o 57
MIL~STD-5103, 15 June, 1967. ) ) 15 Junc 19267
o o METHOD 513 -
ol : .
I ACCELERATION
s 1. Purpose. The acecleradion lest is to de-  tesied using a lower speed and a larger
. fermine siructural soundness and satisfac-  radius centrifuge arm.
tory ;)cmo nance of wvmm ni in an environ- )

; meat o7 steady state accleration other than 3.2 Procedure Y strucfural fest, The test
aravity. Proéedure I is ine tructural test  item shall be instalied on the acceleration ap-
and Procedure 11 is the operaiional test. paraius in accordance ‘with section 3, para-

- . grapn 3.2.2; by its normal mounting means.

—es ot A e The test ilem shall be nonoperiting during
2. hoparatus. Either of two ZTacilities may 0ot ‘The G lovel to be applied o the test
be 'mx../m for acceleration tests: 2 ceniri- iem is contingent on two factors: the for-
fgge, or a irack and vocket sled facilily. A avard acceleration level (A) of the vehicle,
- centrifuge of adequate size is recommended and the orientation of the- test itera withia
. Tor ali siructural and most operational lests the-vehicle i : .
because of the convenience a2nd ease of con- ’
irél, iHowever, the performance of space 3.2.1 G level of vehicle known, ovientation
oriented equipments, such as gyros, space of test item Enown. When the forward accel-
contrel platforms, etc., are difficult to fest raijon level (A) of the vehicle is known
on a cemiriiuge, even wien a counter-roat- .4 (o orientation of the test item in ihe
ng i fm e is e‘nmoyed A locxe‘c sled YRR IS yehicle is known, the test level shall be de-
advariagecus where strictly lin accelera- termined zs follows: *
tion is roequired.
, DIRECTION OF MOTION (Sce figure 513-1.)
) : 3. Procedures. The test itemn shall be sub- Fore 15 x A = G test level
jected to both the struciural and the opera- Aft 0.5 x A = G test level
tional *.est, unless ofhexwme specified by the Up 0.75 x A = G test level
. coniprient spesietion oI b
_ 3.1. Mounting of test xée:::. ’Normally the Where: A = The highest possible forward
" }o'catxo1 of the test jtem on the centrifuge, acceleration assumed, calcu-
with reference o the G ievel eslablished for lated, or measured.
the test, shali be determined from 2 measure- ’
raent {aken from the cenler of the centrifuge 3.2.2 G level of vehicle known, orientation
to the geometric center of the test item.  of test ftem unknowm. When the G ievel of
Shouid any point of the test item nearesl  the vehicle is known, and the orientation of
tne cenler of the cenirifuge experience less  the test item is unknown, the test level should
than $0 percent of ihe specifiad G level, the  be determined as follows:
test item shall be moved ouiward on the 225 X A = G test level
radius of the cenirifuge or the speed of ro-
tation shail be increased until not less than 3.2.3 G level of wehicle unknown, orienta-
90 percent of the specified G level is ob-  tion of test item known., When the forward
tained. Caution: If the furthest end of the  accoleration level (A) of the vehicle is not
test item experiences more than 110 percent  known, and orientation of the fest item in
-0f the desired G level at the geometric center  the vehicle is known, the test level shall he
(while the neavest end experiences 90 per-  within the ranges shown in table 513-I for
TR cent or under) then the test item may be  thcapplicable vehicle category.
[
. N .. 513-1 . . METIIOD 513
5 . C-46
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TABLE 513-1. G levels-for structurel test

bl
|
i
i

[0 L 3

" oae

E Di-rcclion )

; Vehicle category . e - - -

3 Fore Aft Up T Down : Lateral
Aircraft and helicopters 8.0 3.0 4.5 13.5 6.0
Manned aerospace vehicles 9.0 to 3.0 to 45t [° 135 to 6.0 to

18.0 6.0 9.0 | 214 12,0
Air launched missiles 135 to‘ 4.5 to 7.0 to 2.0 to 4.53~t0
45.0 15.0 23.0 23.0 J. 300
Liquid 9.0 to 3.0 to —_— — 6.0 to
! Ground boasters 18.0 6.0 ’ ) 1256
launched - - -
missiles Solid 9.¢ t0 3.0 to -— —_ ) -6.0 to
boosters 45.0 15.0 X 30.0

3.2.4 G level of vehicle unknown, orienta-
lion of test ilem wunknown. When both the
forward acceleration ievel {A) of {he ve-
hicle and the orientation of the fest item in
the vehicle are unknown, the test level sl il
be within the highest range shown in table
513~1 for the applicable vehicle category.

3.2.5 Perjormance of fest. The G level de-
termined for the test shall be applied along
at least three mutually perpendicular axes
in {wo opposite directions” along each axis.
The test time duration in cach direction shall
be at least one minute following centrifuge
stabilization. A test time of 1 minute is usu-
aily sufficient o determine structural sound-
1088, howaver, the test time may be inereased.
Al the conclusion of the test the test item
shall be operaled and the results comparcd
with the data obiained in accordance with
saction 3, paragraph 3.2.1. The test item shall
then be inspecied as specified in section 3,
paragrayh 3.2.4.

3.3 Procedure I operational test. The test
item shall be installed on the acceleration ap-
paratus in accordance with scction 3, para-
graph 3.2.2, by its normal mounting means.
‘the test item shall be operating during the

METHOD 513
C-47

test. The G level to'be applied to the test-item
is contingent on two factors; the forward ac-
-celeration level (A) -of the vehicle, and the
érientation of the fest ilem within the ve-
hicle. *

3.3.1 G level of vehicle known, orientation
of test item known. When the forward accel-
eration level (A) of the vehicle is known and
the orientation of the {est item in the vehicle
is known, the test level shall b2 determined

as follows:

DIRECTION OF MOTION

Fore 11 x A = G test level
Aft 0.33 x A = G test lovel
Up 0.5 x A = G test level
Down 15 x A = G test level

Lateral 0.66 x A = G test level

Where A == The highest possible forward
acceleration assumed, calcu-

lated or measured.

3.3.2 G level of vehicle Enown, orientation

of lest item unknown. When the G level of

ihe vehicle is known and the orientation 2

513-2
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tne west itern in the vehicle is unknown, the
test ievel shall Le deiermined as follows:.
15 X A = (G test level

2.3.2 G level of vehicle unknown, orienta-

MIL-5TD-31C3
5 Juno 1967
tion of test item. known. When the forward
acccleration level (A) of the vehicle is not
known, and the orientation of the test item
in the vehicie is known, the test level shall be
within the ranges shown on"table 513-II"for
the applicable vehicle catlegory.

Tasy s 518-11. G levels for operational test

) Dizection
i Vehicic category - =
H +  TFore Al Up Down Laterdl
) .
Ajrerait and nelicopters 6.0 2.0 3.0 9.0 4.0 |
Wianned aerospace vehicles 7 6.0 to 2.0 to | 3.0 to 9.0 to 4.0 to
12.0 4.0 6.0 18.0 . 8.0
Ajr lzunched missiles " 906 to 3.0 to 4.5 to 13.5 to 6.0 to
30.0 10.0 15.0 45.0 20.0 i
! , —
] . Liquid 6.0 to 2.0 to — —_ 4.0 to
; {reoung boosters 12. 4.0 8.0
iavnchad -
missiles Solid 6.0 to 2.0 to — — 4.0 to
’ boosters 30.0 10.0 20.0

i G level of vehicle unknown, orienta-
tion of test ttem wunmknown. When both thr
forward, acce!ct'atibn level (A) of the e-
the orieafation of the test item in
the ve':.c are unknown, Lne test level shall
5¢ within the s anges m the “fore” direction

shown in table 513~I% for tne ahplicable ve-

3.3.5 Performance of test. 'The G level de-
termined for the test shall be applied aloag
atienst three mu d\..lj perpendicular axes in
twa o-.;o%.w Cirections along each axis. The
tes. time duration in each direction shall be
al least 1 rainute foliowing cenlvifuge stabii-
ization, A .lest time of 1 minute is usually
sufi'.c?mt to cdetermine proper oberation;
rowaever, the fest time may be inereased. The
teny item shall be operated bevore, during,
aiud at tne couclusion of cach {est, and the

results compared with the data obtained in
accordance with section 3, paragraph 3.2.1.
The test item shall then be inspected as spece-
ified in section 3, paragraph 3.2.4.

4. Summary. The following de:ails shall be
specified in the equipment specification:

(2) Procedure number if both proce-
dures are not required (see 3).

(b) Protest data required (scetion 3,
paragraph 3.2.1).

(¢) Testlevel and tost time (see 3.2 and
3.3).

{d) Length of time required for opeis
tion and measurcments.
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VIBRATON

N Y s oy et A § 3o
i Ui ;:-/::Q. LA VISIEtion tesy 1S conauce-

~

vironment. The tests specified herein are
estabiished for cquipment 10 oo used in a
i applications. The vibra-
: TesL sa.ection chard, table 514-1, provides

Tneasn ceting test proced-
cnese vorious mtitary applications,
The table is divided into two m‘.Jc sections.

The scetion, captioned “Zquipment cafle-
ooy, reférs to the equivmen t tc be tested.

The second section, captioned ‘‘Procedure
Number”, specides the tes s o be imposed on

ine equipment,

3.1 Sguipment category. Tor purposes of
st method, cquipraent is categorized
c\.orc....g to the vehicle'in which it will be
nsealled or according to other conditions as

oiloy Vb.

"‘h v.. [N ‘.{.

CATEGORY

©{8) Alreraft (including
helicopters)

{b) Aircraft (excluding
helicopters)

{¢) Heclicopters
{d) Alir launched vehicle
{e) Ground launched vehnicle

(f) Ground vehicles \

4

(&) Shipment by common carrier,
land, or air

(h) Ground equipment (excluding
. category (f).)

(i) Shipboard equipment or when
a ship is the common carricr

3.2 Selection of test procedures. One of
the following tfest procedures shall be se-
lected from fable 514-I1 and specified in the
equipment specification: -

2.2.1 Aircraft/helicopter, air launched vo-
hicie, or ground launched vehiele equipment
mounted without vibration isolators; procec-
ure I (parts 1, 2, and 3), II, or V, respce-
tively.

13

3.2.2 Aircraft/helicopter, air launched ve-
hicle or ground launched vehicle equipment
mounfed with vibration isolators; procedure
I, 111 or VI, respectively. .

3.2.3 Aircraft/helicopter, air launched ve-

hicle or ground launched vchicle equipmeint -

normally using vibration isolators, but tesied
without vibration isolators; proccdure I (part
4), IV or VII, respectively.

3.2.4 Tquipment mounted in ground vehi-
cles; procedure I (parts 1, 2, and 3), VIII or
1¥. Procedure Iis a general procedure to be

used when the vehicle (in which the equip-
nment is to be mounted) or its mileage sched-
ule is not known, Procedure VIII is to be
used for more realistic testing when the ve-
hicle is known. Precedure 1X is used in addi-
tion to procedures I and VIII when the equip-
ment might not always be installed but may
be carvied in a vehicle,

3.2.5 Equipment shipped by common cap-
rier (land or air), either tied down or loose
cargo; procedure X or XT, respectively,

314-1 METIIOD 514
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3.2.8 Ground equipment, excluding ground
hicles; procedures X or XI. Procedure X is

\V

generally used for tled down ground equip-
mene and nrocedure XTI is used in addition to
procedure \ when greund equipment might
be subject wo rough handling,

3.2.7 Shipboard and amphibious equip-

WVeee

mend, or when a ship is the common carrier,

procedure XII.

3.8 Nu.aber of {osts. All tests fisted beside
e vicable pxocuduxe number in fable
2 be performed. Foy example, fe-
*’e::ing 1o table 314-1 for testing equipment
in extegusy (&) when procedure II is se-
¢ cd, tne'o are rour parts with four differ-
test levels indicated by the iest curves.
i ta indicated by (x) in all four parts
¢ performed to evaluate equipment in-
s;:u‘ d in an air launched vehicle for both the
captive nd fight phase. '

-

Q tem
o8
e S_-L

-3
;
)

w
:J
P

-

3.4 Scicelion of test curves, Test .curves
‘.)y equipment category are given in figures
4-1 throeugh 514-6. In some instances, sev-
eral curves. are shown for one equipment
category. A curve shall be selected and speci-
fied in the equipment specification after mak-

U

JAng a detailed analysis of the expected vibra-
‘tion environment within the particular ve-

hicle invoived. A primary consideration is

.the equipment location. with respect to pre-

-domninant vibration sources such as high in-
tensity noise of jet and rocket 2xhausts,
.’mody....ml\, excitation Inciuaing atmos-
pheric wind and turbulence, and unbalance of
rojating parts. Additional factors to be con-
sidered shall include attenuation or amplifi-
cation and fiitering by structural members.

uggested vibration test curves for missiles
according to missile thrust to weight ratios
and equipment locations are provided in table
S514-I11,

3.5 Test iqentification. The equipment
snecification shall identify which tests are
imposed on the equipment by specifying a
selected procedure and curve, Table 514-1 is

METIIOD 514 51
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arranged to accommodate this identification.
TFor example, when the specification calls for
the following:

Exanmple No. 1

Procedure 1
Curve D (parts 1,2, and 3)
Curve A (part 4)

Referring fo table 514~1, the ab~ve identifi-
ation specifies a resonance searchy (part 1),

2 resonance dwell (part "), and a sinusoidal
vibration ¢ycling (part 3) and parts 1, 2, and
3 repeated with vibration isolators removed
for part 4. Test to the level of curve D-from
figure 514~1 within the time schedule I of
table 514-I1 for parts 2 and 3. Part 4 is v)w
for med to the test level of curve A {from fig-
ure 514-1 within the time'schedule II of table

514-11.
Example No, 2

Procedure1l
Curves G, P, AT

Referring to table 514~ and since all tests
shown for any one procedure in a category
must be performed, the above identification
specifies for part 1, a2 resonance search, a
resonance dwell, and a sinusoidal vibration
cycling, Test to the level of curve ¢ from fig-
ure 514--1 within the time schedule V of ‘"ble
514-I1. These tests are followed by part 2,
a sinusoidal cycling test to the level of curve
P from figure 514-3, within the time sched-
ule II of table 514-[I, followed by part 3, a
random test fo the level of curve AF {rom
figure 514~ within the {ime schedule II of
fable 514-II.

4. Test procedures. Test procedures con-
sist of all the tests {o the right of the test
procedure number indicaled by an “x” in
the applicable colume of table 514-- with the
duration of the test designated by a Roman

4~2
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SUNLTG fedelring (0 taie o14~11, The vibra-
a envivowment specified by the curve shall
e anplied oo each of the thro2 mutually per-
peniculur axes of the test item. The entire
aegucace of {esis may be wocomplished for
LAY 052 axl, delere changing tu the next axis.
‘Unless otherwise specilied, for one axis be-
Sore enangiag to the next axis. Unless other-
wise specifed, Jur resonance and sinusoidzl
vidsation cyeling tests of items weighing
aore than o0 poands, the viboatory accelera-
wons saall L2 mudaced by =1 ¢ for each 10
souna inercmernt of weight over $0 pounds.
owever, the vibeatory acceleration shall in
L0 Case be Luss thia 80 percent of the specis
Zed curve level. When o fest item perform-
aace test s required dising a vilratlion test
ond the dusstion of the performance test is
Lreater then the duration of the vibration
a5y, the pesformnance test.shall be abbrevi-
aied accordingly.

4,1 Procidure 1.

&G, Pare 1, resonance search. The test
swerasnall Tooinswaled In aceordance with sec-
Won O, parigsaph 3.2.2, and aitacned by its
Lormnl mouniing nueans direetly to the vibra-
.00 exziter abig, or by means of a rigid fix-
wire capaine of {ransmitting the vibration
conditions spacifiad harcin, Whenever pos-
wbig, the test load shall be distributed uni-
Zormiy on ihe vibracion exciter table in order
o minimize eTects of unbalanced loads,

hed

cesonant mwodes of the equipment shall be
aetermined wy vacying the freguency of ap-
piidd vioration siowly througn the specified
range at reduced input ampiitudes. Individ-
wa! resonance searches shall be conducted

with vibration applied along ecach of the

corce mutually perpendicular axis of the
equipmient.

412 Pare 2, resonance diweell. Unless oth-
cowise speciaad, the test item shall be operat-
ing during the test so that functiona! effects
cawsad by internal resvnances may be ob-
served. The test item shall be vibrated along

PTHESYFP e L O

. i 15 Juna V87

each axis at the most severe resonant fre-
quencies according {o-the time scheduie I of
table 534~II and aécording to the applicable
doubie amplitudes or accelerations of the
specified curve from figure 5141, 514-2; ai
514~-5. If more than four significant reso-
nances have been jound for a2ny one .axis,
the four most severe resonances shall Le
chosen for the test. If a change in the reso-
nant frejuency occurs.during the test, imme-
diaiely the frequency shall be adjusted to
maintain the resonance condition. At the con-
clusion oi"the test, the test item shall be oper-
ated and the results compared with the data
obtained in accordance with section 3, para-
graph 2.2,1. The fest item shall then be in-
spected iu accordance with section 3, para-
graph 3.2.4,

§.1.3 Part 2, vibration. cycling. Unless
otherwisec specified, the test item shal} be-op-
rating throughout the vibration cycling test.
The frequency of applied vibration shall be
cycied at a logarithmic rate between the fre-
quency limits and at the vibratory accelera-
tion levels of the specified curve from figure
514-1, 5i4-2, or 514-5. Logarithmic cycling
rates shuil be in accordance with figure
514-8 ana the time schedule T of table 514-I1.
A linewr cycling rate may be substituted foo
logarithmic cycling when performed in ac-
cord.nee with 5.2, During, and at the con-
clision of the test, the operation of the test
iter: shall be compared with tke data ob-
tained in accordance with section 3, para-
grapa 3.2.1, and shall meet the requirements
of tne equipment specification. The test iten.
shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.1.4 Part 4, vibration isolated cquipment
w'th isolators removed. The test item shali be
mounted directly to the vibration tabte with
external vibration isolators removed but in-
cluding any other required holding devices.
The test item shall then be tested in acceord-
ance with parts 1, 2, and 3. except that the
teat lovel shall be the lower g level specifivd
and the timc scnedule IT of table 514-I1,
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4.2 Precedure i1,

4.2.1 Part 1. Precced tha same as in pro-
ceduse I, parts 1, 2, and 3, except that the
{ast level snall be in accordance with curve
L, D, H or J from ldgure 514-1 and time
schedule V' of table 514-11.

.22 Purt 2. Procced the same as in pro-
cedure I, pare 3, except that the test level
shall be .n accordance with curve P, @, R,
and 8 from figure 514=3 and-time schedule 11
of table 514~I1.

4,25 Part 3, random. -Random vibration
(w..tru iwu 2nd am..yzcd according to 5.3)
shah be n})})L\,L. according to one speeified
curve of AS iulirough AKX from figure 514~4
and time scheduie IT of table 514-I1. Unless
otherwise shecified, during, and at the con-
clusion of the test, {he operation of the test
ffamn shall be compared wilh the data ob-
tained in accordance with section 3, para-
graph 3.2 1, a'\d shal! meet the requirements
of tae equipment specification, The test ifem
saaii then oe x..specu.d in accordance with
section 3, naragraph 3.2.4.

l:.3.1 Part 1. Test ilems of equinment nor-
aily nroviaed with vibration isciators shall

pe first tested with "n, isolr.tors in place the
same as in procedure I, pe rts 1, 2, and 3, ex-
cept tnal the test level shall be in accordance
wiu eurve C, 1, H, or J irom figure 514-1

/"“’

and ume scheduie V of tabie 51411

4.2.2 Part 2. The isolators shall then be
removed, the test item rigidly mounted and
the rogonance and ginuenidal vibration gv-
cling lesos repeated as in procedure I, parts
1, 2, and 3, except that the test level shall be
in accordance with curve A, B, or X from

figure 5.4-1 and time schedule I[ of {able

“art 2. The vibration isciators shall
S Y

and the test continued using pro-

METHOD 514 h 5
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cedure 1, part 8, except that the test ievel
shall be.in accordance with curve P,Q R, or
S irom figure 514-3 and time schcdule II of
{able 514~I1,

4.3.4 Part 4, random. Again with isolators
in place, random vibration, (conirolled and
analyzed according {0°5.3) shall be appiied {o
the {est item.according to one specified curve
of AF through AK from figure 514—f and
time schedule 1I or table 514-II. Unless
otherwise spedified, during, and at the con-
clusion of the-test, the operation of the- test

item shall be compared with ‘the data ab-
‘tained in accovdance with section: 3, para-

gxaph 3.2.1, and shall meet the requirements
of the ecquipment specification. The test jtem
shall then be inspected in accordance with
section 3, paragraph 3.2.4.

4.4 Procedure IV. .

4.4.1 Part 1. Proceed the same as in pro-
cedures I, parts 1, 2, and 8, except that the
test level shall be in accordance- with curve
A, B, or K from figure 514~1 and time
schedule V of {able 51411,

4.4.2 Part 2. Proceed the same as in pro-
cedure I, part 8, except that the fest level
shall be in accordance with curve N from
figure 514-3 and time schedule II of table
514~11.

4.4.3 Part 3, random. Random vibration
(controlled and analyzed according to 5.3)
shall be applied according to curve AE from
figure 514—4 and time schedule II of table
514~I1. Unless otherwise specified, during,
and at the conclusion of the test, the opera-
tion of the test item shail be compared with
the dawa obtained in accordance with section
3, paragraph 3.2.1, and shall meet the re-
quirements of the equipment specificaton,
The test item shall then be inspected in ac-
cordance with section 3, paragraph 3.2.4.

4.5 Procedure V.

144
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2.35.1 Pert 1, Prcceed the same as in pro-
cedure I, part 3, except that the test level
: b2 in accordance with one curve of P

: i Srom figure 514-3 and iime sched-
ule 11 of table 514-11.

RS
.
e

2 Part 2, rundms. Random vioration
(controlied and avalyzed according to 5.3)
shail Ge applied a uo*‘c’n*g to one specified
curve of AD t'nroug: AP from figure 514-4
ané time scneduie I of table 514-I1. Unless
otharwise specified, ammg, anu at the con-
clusion of tha tost, the operaiion of the lest
item. shall be compared with the data ob-
tai:‘::_-&":*. accor c.:.mu with section 3, para-

»i 3.2.1, and shall meet the requirements
ec;u"nwx at specification. The test item
shaii tue"l be iuspecteG in accordance with
section 8, paragraph 3.2.4.

4.‘0.1 Part 1. Equfpment normally pro-
vided with vibration isolators shall be first
tested with the isolefors in p}acu Proceed
the same as. in procedure i, part 3, except
ihat the test level shall be in accordance with
one curve of P througn U from fgure 514-3
and time schedule II of tatle 514-11,

4.6.2 Part 2. 'The isolators shall then be
raoved; the equipment rigidly mounted, and
est :: again in sccordance with procedure 1,
part 3, except the test level shall be in ac-
cozd nee with curve N from figure 514-3 and
Line schedule II of table 514-11.

't,'*"i

(‘Q

4.5.3 Part 8, random. The vibration isola-
tors shatl be repiaced and random vibration
(conirolled and analyzed according to 5.3)
shail be applied according to one specified
curve of AL through AP from figure 5144
and time schedule 1T of {ahle 314=11, Unless
otherwise specified, during, and &t the con-
ciusion of the iest, the operation of the tesi
ftem shall be compared with the data ob-
tained in ancordance with section 3, para-
granh 3.2.1, and shall meel the xequnements
of the equipment specification, The test item

MiLl-STD-83703
15 June 1967

shall then be inspected in accordance with
section 3, paragraph 3.2.4,

4.7 Procedure Vii.

4.7.1 Part 1. Proceed the same as in pro-
cedure I, part 3, except that the test level
shall be in accordance with curve .4 from
figzure 514-3 and time scheduie II of table
514-11.

4.7.2 Part 2, random, Random vibration
{centrolled .and analyzed according to 5.3)
shall be applied according to one specified
curve AR from figure 514-4 and time sched-
ule II of tabie 514-I1. Unless otherwisc speci-
fied, diiring, and at.the conclusion of the test,
the operation of the test item shall be com-
pared’ with ‘the data obtained in accordance
with section 3, naragraph 3.2.1, and shalil
meet the requirements of the equipment
pecification. The test item shall then be in-
spected in accordance with section 3, para-

graph 3.2.4.

4.8 Procedure VIII. Proceed the same as
in procedure I, parts 1, 2, 3, using curve V,
W, or Y from figure 514-5 and time schedule
111 of table 514-11.

4.9 Procedure IX.
4.9.1 Part 1, vibration (resonance seoarch).

4.9.1.1 Test conditions. The test item shall
ba secured to a vibration table that can be
controlled within 10 percent of the specified
amplitude. Mounting method shall be such
that the vibration within the test item can
be observed and measured, To facilitate this
observation and measurement, sub-assemblies
may be tested separately, provided they are
sccured fo the table in a manner similar to
that uscd to mount them in the test item.

4.9.1.2 Performunce of test, The shock-
mounts (if any) of the test item shall be
blocked. The test item shall be vibrated sue-
cessively in three mutually perpendicular di-
rections over a frequency range of 10 to 55

S14-5 METHOD 514
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. eyeles per sceand. The tatal exeursion of the may be used to safeguard’ person- '
! { , woplied vivontion shall not be less than 0.020 nel. 3
4 /S inch. In each of the three directions, the fre- - P
/ gueney shail be changed in sieps of 1 cycele 4.5.2.3 Performance of test. § .
i wer second and mwinlnined for at least 10 | ot
3 sueonas. Vibrauos ampiitudes shall be meas- Step 1=Sccure the test-item to the ve- ; ;
: ured by optical or any other means, provided hicular, or simulated, adapier . ;
wial the vibeation of the test item is not af- plate in accordance Wwith sec- ! 3
’ Jacted by the measurement, tion 3, paragraph 3.2.2, and T :
place on ‘the package fesler ' :
; 4.9.1.8 Failure criteria. The cquipment within the constraints out- . :
5 shail have no resocnance in the frequency lined in 4.9.2.2 (b). If the test : ;
0 range of 106 o 55 cycles per second that ex- item weighs over 200 pounds, : :
3 czed twice the amplitude of the applied vibra- a simulated adapter plate shall :
; tion. This applies for equipment designed to be used. ) 1
‘ cperate with or without shock mounts. Step 2—Attach an accelerometer as :
. close as possible to the -point Z
;? 4.9.2 Part 2; bounce, vehicular. of test item attachment, to re- 3 j
f cord the shock. transmitted to ; 3
4.9.2.1 Apparatus. A package tester of : the test item. : ]
suilable capacity for testing military equip- Step 3—Adjust the package tester, - ; i
ment as made by L.A.B. Corporation, Skane- shafts in phase and ‘table op- : :
- zteles, New York;.or equal. erating in a vertical linear mo- i :
; 7 tiow, ‘16 & spééd such thati ihe i 3
’ 4.5.2.2 Test conditions. .avérage value of the random ! ;
: _ acceleration peals shall be 7.5 ' !
- ~{a) Cover the test bed of the package = 2.5 g's. Measure this input i
] tester with 2 panel of 1/2-inch ply- with an accurate measuring or N
wood, with the grain parallel to the recording system incorporating i
‘ drive chain., Secure the plywood a 100 cycles per second low pass :
3 with- sixpenny- nails, with top of filter. Due to the random na- i
heads flush with, or slightly below, ture of the input, pulses :
the surface. Space nails at 6-inch reater than 10 g’s can be ex- '
intervals around all‘four edges. If peeted to oceur, however, if '
: the distance between ecither pair of they are infrequent, they need
: fences is greater than 24 inches, not be used in caleulating the
: _— the plywood shali also be nailed at average. In no case shall the
' 8-inch intervals in a 6-inch square speed of the package tester ex-
i ai the cenler of the test area. ceed 285 revolutions per min- 3
i ute. Conduct the test for a i
, (b) Using suitable wooden ferces, con- total of 3 hours. At the end of
4 strzin the vehicular, or simulated, each 3/4-hour period, rotate
3 adapter plate to a horizontal mo- the adapter plate and test item ! :
ticn of not more than 2 inches in 90 degrees, cach time in the
any lateral direction. Fences shall same direction.
_ be a distance from the fest item {ep 4—At the end of the 3-hour period,
- more than suflicient {o inzure thal operale the fesl item and com-
the test jtem will not rebound from pare Lhe results with the data
fenee (o fenee, Additional broatiers outhaed in accordance  will,
METHOD 5id 5146
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scction 3, paragraph 3.2.1.
Then inspect the test itern as
specified in section 3, para-
graph 3.2.4.

4.10 Procedure X. Proceed the sameé s in
proccdure 1, paris 1, 2, and 3, except that the
test leve: snall Le in accordance with curve
AB, or curves A and AQ from figure 5346
and time schedule IV of table 514-11.

4.11 Procedure XI.

4224 Part L. Proceed the same as in part
1 of procecure IX."

4.11.2 Part 2. Bounce, loosz curgo.

4:311.2.1 Purpose, To determine that the
equipment, as prepared. for field use, shall-be
capable of withsianding the vibrations norm-
ally induced during transporiation as Joose
cargo. Eguipment in this class is normally
transported in a shipping case, uansxt case,
or combinzation case.

4.1 ‘.2.2 Apparatus. A vackage tester of
suitadle capacity for testing military equip-
meit as macde by L.A.B. Corporation, Skane-
ateies, New York, or Lqual.

4.21.2.3 Test condmons. The test bed of
the package tester shall be covered with a
panel of Vh-inch plywood, with the grain
parailel to the drive chain. The plywood shall
be secured with sixpenny nails, with top of
neads Mlush with or slightly helow the sur-
face. Nails shall be spaced at 6-inch intervals
around all four edges. If the distance between
either pair of rences is greater than 24
inches, the plywood shali also be nailed
at 3-inch intervals in 2 6-inch square at the
center of the test area. Using suitable wood-
an fences, consirain the {est item to a hori-
zontal motion of not more than 2 inches in
2 direction parallel to the axes of the shafts
of the package tester, and in a direction
perpendicuiar to the axes of the shafts, a
distance more than suflicient to insure the

HIL-STD-8103
15 June 1967

test item will not rebound from fence to
fence.

.

4.11.2.4 Performance of. test. The test item,

as secured in its shipping case, transit case,
or combination case, or as etherwise prepared
for field transportation, shall be placed on the
package tester within the constraints out-
lined above. The package tester shall-be oper-
-ated in-the synchronous mode with the shafts
int phase, (In this mode any point on the-bed
of the tester will move in.a circularpath in a
vertical plane perpendicular-to the axes of the
shafls,) The tester shall be operated at a
speed of 284 rpm =2 rpm for a total of 3
hours. At the end of each TA-hour period,
turn the test item to rest on a different face,
so that at the end of the 3-hour period the
test item will have rested on each of its six
faces (top, bottom, sides and ends). At the
end of the 3-hour period, the test item shall
be operated and the results compared with
the dala obtained in accordance with section
3, paragraph 3.2.1. The test item shall thex
‘be inspected as specified in section 3, para-
grapn 3.2.4. The package tester shall ke
operated in the vertical linear mode (straight
up and down 1 the vertical plane) instead
of in the synchronous mode when one of the
foliowing conditions occurs:

(a) Bouncing of the fest item is very
severe and presents a hazard to pes-
sonnel,

(b) Forward and rear oscillations can-
nol be reduced. When operated in
the vertical linear mode, wooden
fences shall be placed on all four
sides of the test item to constrain
its motion to not more than 2 inches
in either direction.

4.12 Procedure XII.  For shipboard and
a:‘.‘.g“.:o.uua \.uuqun\.ub o whei a S,ﬂi'{) is the

common carrier, the vibration test shall be
m accordance with Type I of MIL-S'TD~167,

5. Test details and technigues,
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.1 Combined sinusoidal cycling and ran-

5

dom: vibraiion (es{. The sinuscidal cyeling

rancgom vibralion fest may be combined “when
the test apparatus. permits. The sinusoidal
vibration test curve acceleration level (speci-
fied in peak g) shall be converted to rms G,
The acceleration level to be used for the
comoined test shall then be determined by
squaring both test curve acceleration levels;
adding them, and then taking the square root
of the sum. The combined test level may then
be achieved by obtaining the lower of the
two separate levels first, then advancing the
gain control for the other separate level.until
the. overail combined test level is achieved.
All other lest parameters shall be the same
as the separate test instructions.

5.2 Substilution of lincar cycling for logar-
ithizic cycling.  When linear cycling rate is
used, the iotal frequency range shall be div-
ided into logarilhmic frequency bands of
equal cycling time intervals. The linear cycl-
=zz rate for -each -band is then defermined

y -dividing each bandwidth in cps by the
t rae in minutes for each band. The logarith-
mic frequency bands may be readily deter-
minead from figure 514-8. The Irequency
bands and “neaA cycling rates shown in table
514-1V shall be used for the 2

frequency ranges of 1006 ¢ps or less, no cor-
rection of the inear cycling rate is required.

5.5 Conivol and analysis of random vibra-
tion, The lastentaneous rarndom vibration ace
celeration seaks may ve limited {0 3 times the
mo acceiecation level, Rescnant modes of

e rovin, mass (vibratioa exciter moving
ekment, nxture and either the lest item or
substitute equivalent mass) shall be equal-
ized or cor.pensated for within the frequency
oo of the dest curve, Tha 9“':‘:1’.".‘ Vlbra‘
spectrura shail normally be within the
erances of <0, —30 percent between the
reatencies of 50 and 1,000 cpy, and within
‘-100 —50 percent batween 1,000 and 2,000
eps, or a power speelral denaity analysin of
tie teal apeelrui, theso tolarneen iy he

S5
;‘-3 i3
&2

ct ot >

—

0

bl.

] Lo 500 cps -
and 5 to 2,000 cps frequency ranges. For test

expressea at =15 db and %3 db, respec-
tively. Tolerance levels. in terms of db are
defined .as:

(Gy)?/eps.
db = 10 log — or
(Go)?/cps
Gy
db = 20 log
: Go

»
.

Where (G,)?/cps = acceleration power
spectral density, and

G, = G rms (measured over the ana-
lyzer effective bandwidth).

* The term G, defines the specified level.

A ivave analyzer shall be:used to assure the
specified equalization tolerances. The follow-
ing wave analyzer characteristics shall be
required for each test: o

(a) Tilter bandwidths = B = 25 cps
max. below 1000 ¢ps and 1/3 oc-
tave max., above 1000 cps

(b) Sweep rate = R == B2/32 cps/scc.
max.

(¢) Integrator time constant = 1 scc-
. ond minimum

5.4 Sinusoidal vibration input conirel, The
vibratory acceleration levels or double ampii-
fudes of the specified test curve shall be
maintained at the test item mounting points.
When the input vibration is measured at
more than one control point, the minimun in-
put vibration shall normally be that of the
specified eurve, For massive test items, fix-
tures, large force exciters or multiple vibra-
tion exciters, it is recommended that ihe
inpul. control tevel ha an avernge of sl Teast
thiee or more inputs, Vnless otherwise spes
cified, the frongverne piotion al the inpul
wonftoring polnb(n) nhudl be limlted 1o 100

MERHOD LI 514-8
C-nH7
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TasLE 514-11. Time table

1] M
i Resonance dweli : Sweep time
' Time N - C:"C::i: R:\tl.lxzm i
t T Pl tH ~ 3
schedule Number Time at ) 3 i
; ceue of fesonance per axis per anis 5-500-5 5-2000-5
' reSONAncTs pes axis (Al cps
i . . .
; H 0 - 3 hr, 15 min, 20 min.
! 3 Y% e, 2% hr, (Note 1)
3 ! 2 ¢ 1hmn 2 hr,
: | -
; 3 ; i% nr. i% hr, . .
1]
g 4 2 kr. 1 hr,
1 1]
H Dwell 30 .
i
! min, at
! cach .
i )
! resonance
g ¥ 0 _ 30 min, 30 min, 15 min. | 20 min. :
' 1 10 min,
1 -
2 20 min.
i 3 30 min, | ] . v
[} -
; 4 40 min. ’
! Dweli 10
} -
: min, at . ,
N i
. each i
!
; resonance .
H ¥
I ) — 20 min/1006 15 min. ;
! . Dwell 1/8 miles as .
3
. - cr eyeling determined (Note 1)
: 2 t{ime at from venicle
. R ach mileage chart
§ 4 rezonance or equipraent i :
i {80 min, specification . . :’E
,. -,
i max.) — see table E
! 4
= 55
: 514-V g
i - . . . ]
N V4 0 —_ 45 min, 15 min. §
R
: i % hr. (Note 1) ‘ 2
) N ¥
g 2 1 hr. . (Note 1) ; :
: 8 1% hr, : ;
! ST %
bl b MLy s E:
po
3
[ PR &
Unlveanily Coacsad bt s, oo« 4
' E
e A e el N YA = A" oA A e = e e ————— >-'-'l"

Pz K7vyd

sanve_bv, o A 20

==
;
13
,
|
iﬂ




’

’
3

AW, s hr oot

13
. . {
- '. . Y N
v ¥y
: ¥
. - {3
HW-STD-5105 . ’ N
e A B
15 June 19387 . - ) f Y
Nt «.’J
' §
Tasuk 514-I1, Time table (continued) i
- 5%
! Resonance dwall Sweep time ,i A
“Time : Cycling Random . . f 3
2 edide Nugiher Timeat time time . 5 - i
sciedeels of S ONARES per axis per axis ’ 5~500-5 , 5-2000-5 f
. resonaszes per anis s o 2‘\;
- X 1
. AY
bAYS 4 2 hr. . Vg
{Cont.) T3
Dwell 30 . ! ;
. . g N
min. at ‘I g
cach ; P
? P
resonance ; 3
. (sce N k J
Note 2) :
. . y ) N i
A4 0 — 2 hr. 15 win, 20 min. :
. . 1
1 % he, 1% hr, . ) ;
" 2
2 1 hr. 1 hr . i
8 1% hr. ¥ hr, ) .
g
4 2 hr, 0 -~ &
. N b
Dwell 30 . 3
. N %
min. at ﬁ
. 1
each
resonance L
; G
+ Note Ir Sweep tmie ¢ be s long as 18 nunutes if test freauencics go lower than § ¢ps (see figures 514=-5 and 514-6). %
Note 2: When testing to cung AQ of figure 3146, the 30 minute dwell time shall be broken into six S-minute vibrations with five !
2-muaute shut dowa ntervals, [
Y
~ j': ;
o .
g TaeLE 514-1I1. Suggested vibration test curves (lanched vehicles) ] # ’;‘
¢ .
vy T4
: Vibrauon test curves i * 5
g Velucle c\np.mx. ! “3'“ to Equipment iecation 3
A weiglit ratio or by vehice secti N
: type Sunnadal Random theas? in pounds ¥ vehidle seetion .
i, 514-3 Figt, 5144 14
: s
< S AKX 20/1 or greater %
A )
!
29 i %
a Air R . Ad 5/1 thru 2071 Booster i
< ’ launched v
- {flight 0 AH 5/1 or less ‘8
4 phitne) -
& : 3
- Q AG 15/1 or greater ‘g
. All except bonster §
1 N K
q P . P AF Less than 15/1 P
i | i
5 —— i
3 PRaY.Y - ame {0
i METHOD 514 514-14 i
C-63 |5
. .. . . i
Unavergity Consultants, Tre i :I
. . , M Irc., .
T —— . ; K
%
B
3
- - — e e - ———— g e s N - i
: . B ) ¥
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: ) . i
: Taete 314-IiL. Suggested vibration test curves (launched vehicles) -(Continued) R
# r ; - — —— ™ Eraaa..e ‘ -~
< \ : Vibiration test curves A E . 3
‘ ; 3 Vehicle i - - - Am‘,’ ox. “"':m to- Equipment location :
: ",g( ! type { Sinusod weikht satio or Ly vehicle scctin.
. / [ ‘ i i Sinusoidal Random thrust in potinds : E
W .h;:. 514-3 Fig Hlded ) - N §
D . . E
i " . 'y - c
. ‘ PorQ AR AT or AG ALL — | All except booster :
! QorR AH, AJ or AK 250,000 Ib. or less . ’
Greund ! . . -
i H N .. P T
launched ! . = s
? | RorS AK, AL or AM,| 250,000 ib.- 560,000 Ib. By individual ,
! i . booster stage _,:
‘ ; T or U AM, AN or AP Over 500,000 lb. .
. : ’ . . - 3
! TazLe 5141V, Li)lcqr cyclihg rutes -y
! Total frequency . . Sweep time h l:inc;\r cycling i
§ rangte Frequency bands . in minutes rate {cps/min), Aj
' 2 to'5 15 :
{
] 5 to 225 25 E
E ' 2.500 cps 1
' 22.5 to 100 25 31 B
180 t5 300 25 - A © 160 ;
T . =
ot 3
5 to 228 2.5 7 2
. 22,5 to 100 2.5 31
j 5-2006 cps . >3
| $ 100 to 500 2.5 160 3
p
500 to 2000 2.5 ) 600 3

f

; TanLe 514-V. Milcage schedule
J Group Classification "‘II'.":“:::C K
g Trailers; semitrailers, and dollies: . :
5 A Trailers, semiteailers and dollies 6,000 E
i . B Trailer bodies and equipment 3,000 P
ﬁ C Electronic and missile systems irailers and semitrailers 4,000
1 Wheeled vekicles: ‘ ) l
g 5 Tactieal trucks 25,000 ;
§ E Track bedies, equipment waes 11,00 é‘
% F . Light weight, low mileage trucks '
é 1 — Sprung type .. 4,000 9
2 — Unsprung iypes 5,000
G High flotidon vehiele vt < AOeh *
; 5
f IR 1 . METROD 511 “
! , C--64 .

Hiviveraily Conanblanl e, G,
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9
A
2
“
g
3
g
%
z
-

Trde @ e amw v e €4
x

- L T N A

) - A IDTRITNY 8,200-
. R
{ " iow wouck. : 5,000
{~ PO
/ J Connnescine toucks, DUses, passenger cars 35;000 :
. 3
o - i
Pracked velicles: . 3
— Tatais and ceil-propeiled {SP) .apons . 5,000 E
T3
% Arioced personnel carriers (APQC), cargo carriers, missile support vehicles, 4
wrecreds, reeovery vehicles and casgo tractors (with towed load)... 6,600 3
{
R o . = g
im Engaacer combat vehicle (ECF) and en r assault vehicle, ete. ... 5,000 .3
- g
- ™ Eagaaeor crawler :r:*.ctors—miiitm'y type 5 6,000 . ﬁ
. N
O Araphidiots vehicles (LVT type) res 5,600 3
? Turret-mounted accessories suchias integrally mounted flamedhrowers and 4
. searchiigats 760 .4
3
“ s . -
¢ Bulicozers y 3 260 <
A
S Fording kits ; Gactorenee . 50 i
. . B
. PR
Tx
' NoOTEs FOR FIGURES 514~% AND 514-2 -
. Adreraft cquipment location . A
Curve . . C g
i Equipment instailed on vibration isolated panels and-racks when the panel ox rack is vy
nod uvailable for test and when specified in Table 514-I for airerait application, t ]
' <
b Equiprtent installed on vibartion isoixled panels and racks when the panel or rack is g
{ not uvailable for test and when specifiedin Table 5i4-I for' hehcop er application, :
C Eaqudpment in forward half of fuselage or equipment in. wing areas of airerait with
cngines at rear of f{uselage. k
Iy Eguipment in vear half of fuselage or equipment in wing areas of aircraft with wing
nounted cngines or other locations not specifically mentioned for other curves,
Z Equipment located in the engine compartmaent or pylon.
by Equinment mounted directly on aireraft engine.
G
“rough Same as A and C through F where higher {requencies are anticipated.
bR Equ.pmeent Cesizgned for helicopter application.
Equipment dezigned for both helicopter and airplane application:
Alr wauncked vehicle (ceptive phase)
Ay B Same as Tor aireraft,
C Bquipmeat in vehicle attached to winy, of aireraft with engine in rear of fuselage.
D Equipment in vehicle carried in aircraft fuselage or attached to wing in aircraft with
wing nwunted engines, g
theough Sawse as A, O, and D where higher frequencies are anticipated,
X .
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METHOD 514
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Ficure 5144, Vibration lest curves (random), air lanunched vehicles (flight pkase) and ground luunchcd
vchicles (flight vhase) equipment.
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Where I} & I5 ARE THE LOWER AXD
UPPER TEST FR:;QUEI"CY LIMITS RESPECT-
FULLY; & W(f) = ACCFL.PATION POWER
SP“CTRA’ DENSITY, IN G /CP"‘I UiITS.

) & REQUIRED CURVE SHAPE, CURVE AE THRU AP s
- ! L
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TEST ACCELERATEON POWER |  OVERALL §
CURVE SPECTRAL DENSITY RMS G g
MINIMUM
" AE 0.02 5.3 Q
AF 0.04 7.4
T AG 0.06 9.3

AH 0.1 11.9

AJ 0.2 16.9

AX 0.3 20.7

AL 0.4 23.9

AM 0.6 29.3

AN 1.0 37.8

AP 1.5 L6.3
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ACCELERATION IEVELS ¢ g (PEAX)

CURVE AA - SHOCK MOUNTED ITEMS CYCLING
CURVE AB - HARD MOUNTED ITEMS

CURVE AQ - SHOCK MOUNTED ITEMS,
RESONANCE DWELL

ALL CURVES SHALL BE EXTENDED TO
\\ P ) 2 CPS WHEH EQUIPMENT RESONANCES
UNDER 5 CPS. ARE EXPECTED. ]

0.036

b L] .
220 5 10 17 27 52 500

FREQUENCY  (CPS)
FIGURE 514-6, Vibration test curves (sinusoidal) grownd cquipnment and equipment lransported Ly common

carrier (land or air) tied down.
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The Source for pages c=74 through C-g81 is: MIL-STD-810B

Military Standard Environmental Test Methods. 15 June 1967

MIL-STD-810B, 15 June, 1967.

METHOD 516

SHOCK

1. Purpose. The shock test is conducted to
determine that structural integrity and per-
formance of equipment are satisfactory with

respect to the mechanical shock environment

expected in handling, transportation, and
service use, :

2, Apparatus,

2.1 Shock machine. The shock mackine
utilized for proceduves I, 111, and IV shall
be capable of producing the specified input
shock pulse shown in figure 516-1 or 516-2.
The shock machine may be free fali, resilient
rebound, nonresilient, hydraulic, compressed
gas, or other,

2.1.1 Shock machine calibration. The act-
ual test item, a rejected item, or a rigid
dummy mass shall be used to, catibrate the
shock machine for conformance with the
specified wave shape. When a rigid dummy
mass is used, it shall have the same center

of gravity and the same mass as that of the

test item and shall be installed in a manner
similar to that of the test item. (When a
rigid dummy mass or rejected item is used
for calibration, the waveform during the
actual test may be somewhat different from
that observed during calibration.) The cali-
brating load shall then be removed and the
shock.test performed on the actual test item.
Provided all conditions remain the same,
other than the substitution of the test item
for the calibrating load, the test shall be con-
sidered to meet the requirements of the speci-
fied waveform. (It is recommended that the
actual test waveform be recovded for latey
use in a failure analysis if the test item
fails.)

2.2 Instrumentation. The instrumentation
used to measuve the input shockh pulse, in
crder to meet the tolerance requirements of

the test procedutre, shall liave the character-
istics specified in the following parvagraphs.

2.2.1 Frequenéy response. The frequency
response of the complete measuring system,
from the accelerometer through the readout
instrument, shall be as specified by figure
516-3. Particular care shall be exercised in
the selection of each individual instrument
of the shock measuring instrumentation sys-
tem in order fo assure compatibility with the
prescribed frequency response tolerance.

2.2.2 Accclerometer, piezoelectric. When a
piezoclectrie accelerometer is employed as
the shock sensor, the fundamental resonant
frequency of the accelerometar shall be great-
er than 14,000 cps (resonant frequencies of
30 ke or higher are recommended). For suit-
able low frequency respons.e the accelero-
meter and load (cathode follower, amplifier,
or other load) shall have the following char-
acteristics: '

RC > 0.2

Where R = Load vesislance (ohms)

C = Accelerometer, capacitance
plus shunt capacitance of
cable and load ({arads)

2.2.3 Accelerometer, strain gage. A strain
gage accelcrometer may be used, provided
the undamped natural frequency is equal to
or greater than 1,500 cps with damping ap-
proximately 0.6¢ to 0.70 of critical.

224 Accclerometer calibration. The ac-
celerometer shall be ecalibrated against a
standard transducer or by optical means,

2.2.5 Accelerometer mounting. The nioni-
to.ing accelerumcter shall be rigidly attach-
ed to the test item support fixture at or near
the attachment puint(s) of the test itens.

516-1 METIOD 516
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3. Procedures.

3.1 Shock puise. ‘The shock pulses shall be
as shown in figure 516-1 or 516-2 (whichever
is specified in the equipment specification).
All points of the acceleratinn wave form ob-
tained shall he within the area enclosed by
the tolerance limit lines, In general, it is
recommended that (he saw tooth shock pulse
be used, since its broad frequency spectrum
tends to cxcite all resonant frequencies.

3.2 Mounting of {est item, The test item
shall be rigidly attached to the shock machine
table for procedures I, 111, and 1V, in ac-
cordance with section 3, paragraph 3.2.2.
Whercver possible, the test load shall be dis-
tributed uniformly on the test platform in
order fo minimize the effects of unbalanced
loads.

3.3 Procedure I. Basic design fest. This
procedure shall be used for shock testing
equipment assemblies (mechanical, electrical,
hydraulic, electronie, ete.) of medium size,
including items svhich mount on vibration
isolators and equipment racks. Three shecks
in each direclion shall be applied along the
three mutually perpendicular axes of the test
item (total of 18 shocks). If the test item
is normally mounted on \ibration isolators,
the isolators shall be functional during the
test. The shock pulse shape shall be in ac-
cordance with either figure 516-1 or 516-2,
of amplitude a or b and time duration ¢ or d,

as specified in the equipment specification.
The test item shail be operating during the
test if required by the equipment speciiica-
ticn. At the conclusion of the test, the test
item shall be operated and the results com-
pared with the data obtained in accordance
with seation 3, paragraph 3.2.1. The test
item shall then be inspected as specified in
section 3, paragraph 3.2.4.

3.4 Procedure II Transit drop fest.

3.4.1 Purpose, The equipment, in its trans-
it or combination case as prepared for field
use, shall be capable of withstanding the
shocks normally induced by loading and un-
loading of equipment.

3.4.2 Test conditions. The test item shall
be in its transit or combination case. For
equipment 1,000 pounds or less, the floor or
barrier receiving the impact shall be of solid
wood, 2-inch thick fir backed by concrete or
a rigid steel frame. For equipment over 1,000
pounds, the floor or barrier shall be concrete
or its equivalent.

3.4.3 Performance of test. Subject the test
item to the number and heights of .drop as
required in table 516-1. Upon completion of
the test, the test item shall be operated and
the results compared with the data obtained
in accordance with section &, paragraph
3.2.1, The test item shall then be inspected as
specified in section 3, paragraph 3.2.4.

TABLE 516-1. Transit drop test (procedure ;-

Weight of test item, Largest dirr enslon , l Height of ,
faclyding cuse (inchen) Notes drop (1n.) No. of drops
Under 109 pounds Under 36 A 48 Drop on each face,
man-packed and edge, and corner.
man-portable 86 and uver A 30 Total of 26 drops.
100 to 200 Under 36 A 30
pounds, inclusive
36 and over A 24 Drop on
Over 200 to Under 36 A 24 each corner.
1,000 pounds, .
inclugive 36 to 60 B 36 Total of 8 drops.
Over 60 B 24
METHOD 516 A16-2
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TaBLE 516-1. Transit drop test (proceidure 11) {Continued)

Weight of test item, fargest dimemion . Height of .
including case (inches) Nofes drop Lind No. of deops 7
Over 1,000 - No limit C 18 4 edgewise drops.

pounds 2 -corner drops.

Note A, Drops shall be made from 3 quickerelease hook; or pendulum tester av made hy the

.48, Cosporation, Shaneateles, New York,

a

of cqual. The test jtem shall be onented for the comer drops so that the sides ace at an angle cf 45 deprecs.

Note B. With the longest dimension parallel to the floor, -the transit or combmnaticn csz, with the test item within, shall be supponed at
the comet of one 2nd by a block.5 inches in haglt, and as the other cotner of the same end by a block 12 :chies intheight.
The oppmite end of the cass shall.then be raised to the speafied haight at the lowet unsupported comer and allowed to falt

fre=ly.

Note C. With the norma! transit position and,the largest dimension in that pesstion parallkl to the flocr, the transit or combination case,
with the test item within, shall be subjected to the cdgewise and cornerwise drop test as followss

1. Edgewise drop test. One edge of the base of the test item shall he cupported on a 51l 5 te § inches in height. The oppotite
edge shall be raised to the specified- height and allowed to fall {reely. The est shall be applied once to cach edge of *he base

of the test item (total of four drops).

. Cornerwize drop test. One corer of the base of the test itern shill be supported on a block approximately § inches in height.
A block nominally 12 inches in height shall be placed under the uthier comer of the same end. The opponte end of the test

item shall be raised to the spccified height at the lowest unsupported corner and allowed to fall frezly. This test shall be ap-
pliad once to each of two diagonally opposite comers of the base (total of two drops). When the propottions of width and
height of the test item are such as to causenctatality in the comerwise drop test, edgewise drops shall be substituted. In such

instances two more edgewise drops on each end shall be condusted (total of four deogps).

3.5 Procedure III. Crash safety test. This
test is conducted to determine the structural
integrity of equipment mounting means. The
test item or dummy load shall be attached
by its normal points of attachment. The test
item or dummy load shall be subjected to two
shocks in each direction along the three
mutually perpendicular axes of the ejuip-
ment (total of 12 shocks). The shock pulse
shape shall be in accordance with either fig-
ure 516-1 or 516-2, of amplitude a or b and
time duration ¢ or d, as specified in equip-
ment specification. There shall be no failure
of the mounting attachment and the test
item or dummy load shall remain in place
and not create a hazard. llowever, bending
and distortion shall be permitted.

3.6 Procedure IV, High intensity test. This
procedure shall be used where high accelera-
tion, short time duration shock excitation re-
sults from handling, stage ignition, separa-
tion, re-entry, and high velocity aerodynamic
buffeting experienced by missiles and high
p<rformance weapon systems. This test shall
Le utilized for testing such items as small,
high density electronic equipments and other

items of small size mounted without shock
and vibrat'on isolators. Two shocks shali be
applied to the test item in each dircction
along each of the three mutually perpendi-
cuiar axes (total of 12 shocks). The shock
pulse shape shall b2 in accordance with either
figure 516-1 or 516-2, of amplitude a or b aad
time duration ¢ or d, as specified in equip-
ment specification. The test item shall be
operating during the test if regquired by the
ejquipment specification. At the conclusion of
the test, the test item shall be operated and
the rcsults corapared swith the data cbtained
in accordance with section 3, paragrash
3.2.1. The test item shail then be inspected
as specified in section 3, paragraph 3.2.4.

3.7 Procedure V. Bench handling test. This
test is conducted to determine the akiiity of
c,u'pment to withstand the shock encounter-
ed during servicing. The chassis and front
panel asszmbly shall be removed from its
cnclosurs, as for servicing, and placed in a
suitable position for servicing on a horizon-
tal, solid wooden bench top at least 1-54
incnes thick, The tast shall be performed, as
follows, i1 2 marner simulating shocks liable
to occur during servicing:

516-3 METHOD 51¢
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‘ Stcp 1-—Using one edge as a pivot, lift
the.opposife-edgs of the chassis

L : -until one of the following con-
) ditions «occurs (whichever oc-
- curs-first) :

{a) The chassis forms an an-
gle of 45 degrees with the
. herizontal bench top.

(b) The lifted edge of the
chassis has been raised 4
inches above the .horizon.
tal bench top.

(c) The lifted. edge of the
chassis, is just below the
point of perfect baldance.

Lét the chassis drop back { reely to-the hori-

zontal bench top. Repeat, using other practi-
cal edges of the same horizontal:face as pivot
points, for.a fotal.of four.drops.
Step 2—Repeat step 1, with the test
item resting on:other faces un-
til it has wveen dropped for a
. : total of four/times on each face
on which.the test item could be
placed practicably during ser-
vicing, The ‘test item shall not
bé aperating during the {est. At
the conclusion of the test, the
fest item shall be operated and
‘the resulis compared with the
data obtained in accordance
with section 3, paragraph 3.2.1.
The-test item shall theh.be in-
spected. as specified i section
3, paragraph 3:2.4.

3.8 Procedure VI. Rail impact: test. This
test is performed to determine the effect that
impact, due to shipping and other types of
transportation, will have on -equipment. If
an item can be shipped in two orientations, it
shall be impacted once in each direction of
each orientation at speeds of 8, 9, and 10
miles per hour (total of 12 impacts). If an
-tem can be shipped only in one orientation,

METHOD §16 516-4

C-77

it shall be impactéd twice in each direction-
of each orientation at speeds of 8, §; and 10,

niiles per lour (total of 12 impacts).

" 3.8.1 Apparatus. The following equipment
will be necessary 4o pérform -this test:

(a) Three -ordinary ‘rai‘lroa(i -cars, only
one of which is-.a flat ¢dr, with
standard draft gear couplings.

(b) A prime.mover for-moving the cars.

() A calibrated means to determine the-

..speed-at time of impact within 5
pereent. .

(d) -Accelerometers: and associated cir-
cuitry to measure the impact shock,

if required by the equipment. speci--

fication,

3.8.2 Performance of test.

G

(a). Two cars will .act as .buffer cars
and ‘be located.on a.level section of
track. The air brakes shdll be -set
in ‘the-emergency application. -posi-
tior: on both. cars. The totsl buffer
load excluding car weights-shall be
140,000 pounds minimum.

(b) The test item shall be mounted on
the end of the test car (flat) in

direct: :contact with the floor and

adequately biocked and sccused to
prevent any longitudinal, vertical,
-or lateral -movement. Metal band-
ing, or wire, of sufficient size or
strength shall be used to provide
additional tiedown strength, Posi-
tions of the equipment with respect
fo the test car and whether or not
packaging is necessary shall be
specified in the equipment specifica-
tion.

(c¢) Impact the test car (flat) into the
two loaded cars.

(d) Impacts shall be made in progres-

*
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sive:steps with i impagcts.at 8,-9, and
10 miles 'per hour. The ‘speed just

‘having ar-accuracy of :£5 percent.

‘3.9 Related shock.tes!s.

3.9.1 Missile impact. A test for similating
missile impact, hard landings,, étc.; may .be
pexformed -by. employ-ng a rocket sled test
facmty with a suitable: impact barner

3.9.2 Hardsites. Equipment located: in or
at. missile hardsites.usually demands special
tests; however, for some zones-special-adapt-

be used. For the critical zones, shack tubes,
explosion chambers, hydraulic actuators, etc,
a can. be used.

3 9.3 High impact. Unless othérwise speci-
fied, ballistic shock tests..and high impact
tests shall be conducted in accordance with
MIE~S-901..

! for shipboard equipment shall be conducted
in accotde.nce avith MIL—S-—‘)OI

DRVl S T e 2 e S R T A L
.

TR

b L LoD

SES 2w bR

prior to- impact shall he- measured.
] 7‘ by electronic or electrical -means.

ations of conventional shock 'machines :can:

3.9.4° Shipboard equipment. .Shock ‘tests

516-5

C-78
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3.10 Combined femiperature-shock fest.
Tests shall be.conducted under room ambient
conditions - unless the eqmpmont specxﬁcahon
requires-a.high or low temperature shock test
in which case the'temperature extremes.shall
be as §pcc1ﬁed in"the equipment speclﬁcaglon

4. Summary.
The following details shall be specifiéd in
the: equipment specification:

‘(a)- Pretest. data required (section 3,
paragraph 3.2.1).

(b) ‘Procedure nimber.

(¢) Shock-pulse seleétion, specify:shape,
peak value, and 'duration.

(d) Temperature extremes, (ses 3;10).
(e) Filter(s) used shall be Jidentified.

(f) AWhether operation during the test
is required, and if and how the
:opetration is to-be monitored.

METHOD 516

University Consultants, Inc

RS e




MIL-5TD-8105:
15 June 1967

PULSE
//
. AV4
IOLERANCE LIMITS: < / y
i / / }; g
0.15 :PJ N /? z
4 / N \“3
0.05 P— 4 .
0.05 P :E(
REF LINE ¥~ -7 |
ZERC ﬁ_\ b .
i : TN —=0.15 P I ~0.2 P:
-0.05.P - ’ {1 .
0.4 D D .
@\ E . PEAX VALUE () g's. . _ |  NOMINAL DURATION, (D) ms\ rc,}
FLIGHT VEHICLE ,[GROUHD " |FLIGHT VEHMICLE |GROUND® =~ .
'|PROCEDURE . TEST TQUIPHENT (a)  |EQUIPMENT (b) |EQUIPMENT (c) | EQUIPMENT/(4)
1 1 BASIC DESIGH | 20 : o) 11 ~ 18 ‘
III | CRASH SAFETY ko R+ 11 1 ,
IV. | HIGH INTENSITY, 100 5 100 ) 6 1

ROTE: -SHOCK PARAMETERS (a) AND (c): RECOMMEWDED FOR EQUIPMENT WOT SHOCK MOUNTED AND
WEIGHING LESS THAN 300.POURDS. -

'THE OSCILLOGRAM SHALL INCLUDE 4 TIME ‘ABOUT 3D LONG WITH A PULSE LOCATED APPROXIMATELY IN
THE ‘CENTER. THE PEAX ACCELERATION MAGNITUDE OF THE SAWTOCTH PULSE IS P AND ITS DURATIOR
IS D. ANY MEASURED ACCELERATION PULSE WHICH CAN BE CCHTAINED BETWEEN THE BRCKEN LINE
BOUNDARIES IS ACCEPTABLE. THE MEASURED VELOCITY CHANGE (WHICH MAY. BE OBTAINED BY INTEGRA-
"IOK OF TAE ACCELERATION PULSE) SHALL BE WITHIN THE LIMITS: OF Vj £0.1 Vi, WEERE Vi IS JHE
VELOCITY CHANGE ASSOCIATED WITH THE IDEAL. PULSE WHICH EQUALS 0.5 DP. THE INTEGRATION 70
DETERMINE VELOCITY CHANGE SHALL EXTEND FROM0.4D BEFCKE THE PULSE TO%0.1D BEYOND THE PULSE.

‘FIGURE 516-1, T'crmingl:pcak sawtooth shock pulsc configuration and its tolerance limits.

( METHO 516 516-6
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TOLERANCE “LIMITS 1.5 A

-0.85 A

SINE 'leV“ "RANSLATED
kDOVNWAnD 0. 15 A

INE WAVE TRANSLATED-
UP 0.15 A

IDEAL SIHr. HAVE

0.05 A 0.2 A= \\—--—e—;+4L2A
~ ' .
& e Y - REF LINE
=X =7 & S
.._..'ﬁ{__\ p—
0.05 A 3 ~ ’
05 I— -0.2 A
< D - >l :
v - ”A’ = 3 - R e . - = 3
.. PEAX VALUE {A) g's .. ROMINAL DURATION (D) =s ‘\3%
4 . o FLICHT VEHICLE GR(;UHD _ FLIGHT VEHICLE | GROUND
PROCEDURE | TEST _EQUIFMENT (a) |t SQUIPVER? (b) LQUIPP“u. (c) | EQuIRMENT (d)/
I IBASIC DESIGHN | 15 %o 1 18 -
IIT | CRASH SAFETY 30 75 11 11
IV | HIGH INTENSITY. 100 100 6 6

NOTE: SHOCK PARAMETERS (&) AND (c): RECCMMENDED FOR EQUIPMENT. SHOCK MOUNTED OR WEIGHING
300 POUNDS OR MORE.

THE OSCILLOGRAM SHALL INCLUDE A TIME ABOUT 3D LONG WITH A PULSE LOCATED APPROXIMATELY {V
THE CENTER. THE ACCFLFRATION AMPLITUDE OF THE IDEAL HALF SINE PULSE IS A AND ITS DURATION
IS D. ANY MRASUPED ACCELERATION PULSE WHICH CAN BE CONTAINED BETWEEN Tx” BROKEN LINE
BOUNDARYES IS ACCEPTABLE. THE MEASURED VELOCITY CHANGE (WHICH MAY BE OBTATNFD BY INTEGRA-
TION: OF THE ACCELERATION PULSE) SHALL BE WITHIN THE LIMITS Vy 20.1 Vi hz:R, Vi IS THE
VELOCIY~CEANGY ASSOCIATED WITH THE IDFAL PULSE WRICK ZQUALS 2 AD/7r. THE INTEGRATION

TO DE‘I‘:,‘{.\fII-... VELOCITY CHANGE SHALL EXTEND FROM 0.!D BEFORE THE PULSE TG 0.1D BEYOND fHS
PULSE,

FIGURE 516-2. Half sine shock pulse configuration and its tolerance limits.
516-7 METHOD 516
C-30
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SYSTEM f—©

’ P = YOE :-.
e E; = VOLTAGE IN
. E,, = VOLTAGE ‘OUT

1,20 | meis //1 :

1:00 |-

090l . e

UPPER LIMIT

~ {LOWER LIMIT |

O,éoi =

0.70 =

()
(E,)

0.60 |~

RESFONSE

0.50 }—

e.kof— |

" 0.20 )

0.10 |—

~
.

|
B
|
l

g v/

10

2,0

FREQUENCY IN CPS

l
l
I
|
|
|
|
l
I
l
l
!
I
l
0

Fiours 516-3. System frequency response.
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f:stablish’ea ir 1947, Pack-& Hale is.a pioneer manufactureriof basic and speci:flized cargo securing and

load control systems for the 'i'ransport Industry. ‘All.Peck & Hale products-and systems have been- designed*

and perfected to meet'the.requirements of mode n ca

The basic.systems described. herein-are adapted to.cach user's requirements by an experienced sngincering
and ins-ailation-staff. This staff is available to-research

probieais,

rgo handling atclower cost.

and solve the customer’s related cargo securing

.

All.installations are initially. supervised fo insure satisfactory operation,

The range of basic equipment manufactured by Peck & Hale includes:

© Adjust-a-matic Cables and’Lashing.Gea
-break-bulk and containerized.

O Rollflex Net Shoring Systems — wire r

‘O D-rings, deck pads and-sockets, ctc.

r for tieing down or lashing cargo, both *
¥4

ope néts for securing break-bulk cargo.

© Containersecuring fittings — bridgés, stickers; couplers,

Peck & Hale systems were developed by experience from the earliest days of Containerization,
The.Company nows possesses the videst experienge-of Container securing. P. & H. equipment and
systems are used by.many ‘ofithe leading Shipping Lines in North America and.Europe.

P. & H. systems are also used extensively for safe, re .

Some of the Owners who entrust the safety of their cargo to the r_eliabilit.y of P. & .H. gear,are

listed below:

American Export Isbrandtsen Lincs
American-Mail Lines

Belgian Lines

Bristol City Line

British Ykon Navigation Co.
Canadian National Railway
Central Gulf Lines.

Container Marine Lines

Farrell Lines,

‘Finnlines

Grace Lines

Grancolombiana

Hapag Lioyd

ftafian Line

Lykes Linces

Matson Linies D—S

abie-securing of.Roll-onfRoll-off veincles,

- Meyer Lines
Moller (Macrsk) Lines
Moore-McCormack Linos
Motaorships, Inz.
Pacific Far East Lines.
Peruvian State Lincs
Prudential Lines -
Saa-Land
Seatrain Lincs
South Atlanti¢ & Caribbean Linoes,
States Line
States Marine Lines
Transamerican Trailer Transport
United States Lines
U.S. Military Sea-Transport Service
United States Navy

University Consultants, Inc,
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- bdjust-a-matic Gable

(patcntcd)

R
'
4

. o End fitzings 16 suit customer's
, srequirements.

© Svsaged fittings used on all models
eq.xal to rated cabie strength..

© Finest aircraft quah:y wire rope,
- galvamzed — staialess,.or
special types. (Quality cectified.)

e i et e g e
X Noiegatns

PRI

«© Small sliding bead spacers for r2pid -
leazth adjustment and # maximum
tension.

0 Tensioncr jaw receives bead spacers
wuhom damage to’ cable.

L2MERAL LY B 20

* O Tension xs~‘\uxommcally applued to-
fish as !ucr pin-is moved “past-
cenzer’ b),c!osmg ha'\dle

oo rvre e

Past-cenzdrf action plus safety latch
Makes a positive lock that cannot

\se,off or open under lozd
-onditions,

Sib e Mt Omem e s,

i
i

% © Opticnal High-Tension feature 3
; -allows’in-transit retensioning without B
i opening basi¢ ténsioner lock, 5
{
.
! 4
]
E
z
H
g
3
B

LASH AGOGESGORIES

%3

PR B S N T 2 T

-Bridles — Short wire rope or chain {engthe High Tension Feature — Accessory is available

are available for wrapping around irregular for ADJUST-A:MATIC CABLE beaded end for

attachment points, especially on vehicles. fine adjustment or “in-transit”’ tensioning.
v ’*' Pendants — Simple wire rope assemblies are X Multi-l.ength — A series of swaged stops which
; - available-for-extending lash lengths, Yseful for can be fabricaced in ADJUST-A-MATIC CABLES. - /,3
i multiple-heights of Container stacks.. ‘ Useful for multiple height Container stacks. T
i D-6 University Consultants, Inc \
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Adjust-a-matic Cakle

{ . ‘15:'}»., 1 Size Break Cable
,QU ( d‘,'.‘f"' Sk 1 No. Strength Die. Yension- "Gederal Uses
T e H «;A . — - N - - B
s L i oaM | 200006 & 500ib, | Light tic-down for
3 R T Do4mM L 4200100, & 5001Ib. | AirCargo. Trucking,
-~ N - N, z
Wl 1 7M | 7.0001b. ‘s S001b. | Guying: etc.
‘ s 7M1 2,000, | 4 ] 100016 | Standard Model for
; SIZE: ¢ oM} 10,0001, | &% | 100016, | Car and’Light Truck
7M' l(.)M : lashing
' ©4aM | 14,0001b. = [1,5001b, | Marine fashing for
. i 17M 117,000 Ib. 3 | 1.5001b. | Medium Trucks and
. P ) ) | Containcrs
Poarm b azocom. ) 4 ) 14,70016. | Heavy marne lashing
! 35M | 35,0001b. ¥ 1,7001b, | for Trucks, Tanks,
i 44M | 44,0001b, $ 1,7001b. | Trailers, Vans,
Containers
. ol T Extra heavy duty
70M | 70,000 Ib. - 2.0001b, | marine lashing for
90M | 90,000 Ib. 1" 2,0001b. } Containers, ang
. Heavy Lifts

Weight — Average weight of operaticral units complete is fess
than 1 pound‘per 1,000,1b, of break strength,

>

‘Finish — All parts normally are protected by galvanizing or
¢ cadmium-iridite plating. Stainless steel, aluminium,and bronze
i .parts are available for special applications.

s,

PR e i

Ly e
S

o : ‘Proof loading — For compléte reliability and quality-control,
cach Adjust-a-matic Cable is individually proof-loaded tc. 50% of

' - + rategistrengch,
rf(”ﬁ/l SO 27M, 35:«{23}&4, 70M, ,
,;i:‘i\fi{?; | 7om '
s

OTAMBANMR BAR BERSTOIM : (S
\: i (1} W " e _f.‘ 5! \:j =3 ! Gs t] F L\' ’.k N, «
SYTARDARD BERD FIVYVINGS e
o
P4
HOOKS SHACKLES LINKS SWAGED SOCKETS
» : ~ - = ]
. {
PR % . Yor £ SN
i lelagln @ ey
. [ 3 ‘ [N ' . !
NN NN A n\ " \ A K ; j LA
R A o WM v "é WU
OO Y iRk
(NS NNy I A
. : S
*Relcate . ) '
$ Ch
Pian Safety M.II(.IC Grab NAF tlook Bulb As::;:r C(P::i: G;:lt;‘: Open Closed Thimble
Uni i : 1 ~
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DEGK SEGU

G FITTINGS

v

Raised
F265+1 (17M)
F266-1 (70M)

Vehicle Lashing Sockets
“Cloverlcaf” fittings take four fashes
(Max, size lashing in brackets)

Raised
F149-1 (35M)

¥ Flush
PHS09-1 (17M)
PH438-1 (70M)

oty ~ -~

Container Deck Fittings

. D;ain:V9nt
- -F2884.
Raised Fitting

£272-1
* -Flush Fitting -

R e e —— N N N mgearray ey A
B r-
i - - ’t 5];1 . {t: I v "*‘an ».u"".-\f{ H i !
. oA ! 7 s RV ' i
"sﬂ" " v E ?- z " “'."3{1-1.), '-r"':;}l f ,/',% H ; 1
) 0 phowinW l ed W, | I
? Y v;«‘.,n.'g O K. H
P LN R L i
e A O A A LM R | -
EX N a_ t 1y ? i,/ e 5 ) 4, 5 3 1
£ S A CHENN S A P N H
e BT T U ) ¥ ' i
W oL "f 1 ! ey : ;
. A 1,
by - S o A I SR
;’ ’ K3 M - ’ {':,7 pe e ,MM",“ “(""'S"a,wntn ~
? ) P T e amed
i , 2 PRICTIRGER- R A ate s S
g . ar & : sl
‘ » / - - * . H
1 Mo L e « -
13 .o . ] . .
) « e Yotk ~
i ) i [ e AR A
| R A ' ’ R DY 1< " .
ry . - . . hant
[ y . :'__ “ . . e
!' : S *:; .-- -.f]l -
; - ; jod -
¢ S . ! ) S
b -&c«-—&«!u«.~‘\«"~\1 L A S © 2 B pTT, g . e S ¢ s e
o
Above “Flush “Cloverleaf” — PH438-1

E\Y.SW‘NG AREA\
.\ . - &

Above P. & H. Container deck fittings
F283 Deck Sockets; F275 Key, Stackers
FiB6A D" Rings on doubler plates

.'\

T
— 5F
VAN MUY [} : v oy g
RLLLLLL L L L LT IO TETINI OISO ILS

IR

WELD AREA
Naaa ' 1y ¥
; i Minimum 1 ; ! ; l
' Elcstic* | Breck | ] H i
i ORing ! Limit | Swength . A | B8 c i o | E ! F
i, | | [ ! !
5 I p b . , | ; ! |
; F157 15000 | 19000 ¢ | 3} | 2 “4r o+ | B |
PoMeeA . 70000 § 90000 4 42 2 f 4 ! o8} . 3 1 og |
FI7 . 90,000 ' 110000 © 1 1 25 . 4 9% 3§ o |
CF198 {100,000 140,060 1 ] 200 s, 108§ 4 | 2
L. 1 I ’ } } ! i |

*All test data complied on a 45° angle pull

D-8

in use with Bulb Hook lash end.

“D"-Rings — Drop-Forged

FOLDING FEATURE & LOW
PROJECTION FOR
, GREATER SAFETY

1. “D” Ring assumes angle of lead in all
uscs, climinating bending 2ad stress
features,

2. When not in usc, ring lies flat and
presents 3 rounded surface for
.. minimum deck obstruction and
personnel hazard.

The weldless ring is drop-forged and
heat treated for maximum strength and
safety,

‘>“\3./ Recessed
fittings are
q available for ’

\\ flush instatlation,
N

M~

Dishheads are
available for

tapering to deck v

University Consultants, Inc,
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H1118-1 TOP CORNER
End Pluf.

* H1441 DUAL’HOCK

Top huok with'bottom piug

H141-1 BOTTOM.
CORNER PLUG :HOOK

H
'

*Pat. Pending

.

enmren casm sm bmp oam e

IINTERMEDIATE STACKER"
BRIDGE

—
T N L LY LT T wyer

F348 Forstwo and four corner
Two Corner installation,
(Made ¢o order)

vy T
ot et £ e,

WELDABLE CONE
Weld to deck or in special

T R et s

R e R IR Sl

FLANGE -
STACKERS K

g Provide 3}” )
F275 clearance : ;
Dauble between Con- L

tainers to clear a
king pins dnd- ;
flanges.
Ny
{
3
it
D=9
F290
Single 3
) i L —— R

o i % - —— ——
&rg:":? . ,(‘“Mu e S e B =S & S g O

\aiina & T TR SRR SRR TP b Wil Wi !"

FOR U.S/AS.L — MHS51 CONTAINERS

S tavemm w, ®sevEASwa bk wetwimaitPrad ea by
A .

STACKER KEYS
Drop-in
Type

PEDESTAL
For leveling mixed height
container stacks. |

design-parts. t
F267-2 )
o et e s e s emerm e I ITATT T INTI T IRLTTIRG PASEAACA
'
i .- .
i .
E .
;i ™ s
*t  STACKER KEY
v
it Screw Lock Type
»I Place in bottom of Container.
t
.3 No personnel required on stacks,

O arereaand AT R, w T o a <7

- ey e an

Fi62
>Déuble

F292

Single | '
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T801/864 R & B Adj, Gable . L.
: Goniainei Lashing for ;
o Belgian Lines f ’
Notes: ‘ o
‘ 1. Proof test to 35,000 Ib., MBS 76,600 Ib. . |
) ' 2. 70M/864A Vertical Container Lashing for-2 ard'3 ?
high on hatch SQ. }

. 70M/864B Vertical Container Lashing for2and 3. i

high on outboard corners of hatch 3% 5,

>

4. Uscable lengths, .
70M/[864A — 18’ 81515’ 11" and 27" 5"‘to 24 1”.
70M/864B — 25’ 37'to 22"10" and 34'.0” to 31’ 17,

5. Wire ropedis galvanized, all other=parts have equal

or superior corrosion resistance.

6. Test per DWG 2k PH691. ltem No. 105, shackle

-movement at full strength not to exceed 4-<%.
LJ r: ) LIS o JL
List of Rajor Compenents

Item

No, Description

105 S.C. Shackle, 84T,

104 Galv, W.R,, 70,000 min. brk, str, ,

103 Adjustment Washer 3¢ PH722.2,

102 Hook, C-M 51 HA290,

101 Tensioner, recoil-less, forged.

PECK & HALE, INC., West Sayville, L1, New York

Toierance (cxccp£ as not‘cd) DEC. & FRAC. ANG,

Mat'L.: Drn.: i Date:
Appd.: | Seale: None
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The design of lashings for-deck-stcwage of ¢ ntainers cannot be
dietermined by any emprrical formula. Quite.apart from the type of
/.as‘ung gear and associated hardware, the lashing systems=will depend
upon many other factors which influence an adequate securing plan

and container stOW:~—

The strength and construction of the Containers,

o : the G.M. of the vessel,
ship’s speed;
roll characteristics,

- the nature of the container loadings, .
height of stack, i

.

will ail serve to affect the design.of the lashing system.

Theora.ical studies have been madu of the characteristics required for

an adequate securing system 195 various stowage configurations. These:
. . have been based upon the known and estimated factors which are.

involved'and the results have been<he subject of computerized analysis

AR T IN

A

‘ . 'i';?pical arrangements for 3-high and 4-high on-deck stowage are shown
on page 13, 14 and 15,

M

.

’ ' Such rescarches produce results which yield several advantages:

et

a ; ' 1. optimum and uniforrn strength of all items of equipment
f " in the syster
. maximum cost effectiveness for system hardware

maximum security of on-deck containers

CRRPES YL VST e

rinimum damage to containers in ocean environment

TP i e

optimum degree of simpliaity of equipme et and system 3

o N AW

optimum case of application of lashing sys;«.m.

PN,

[t i 24 Fo

Similar studies can be carried out for other stowage arrangements and

IR IRNY

F : securing plans. .- .
g No such study is adequate without the most vital element of lashing ¥
2 design — EXPERIENCE. é
-l
2 ; . Peck & Hale has had MORE lashing system experience than any §
L ! other ranufacturer — by far. :
b - :
o’ £ “
9 i . , . , &
] i P & H know-how and experience 15 freely available to ship-constructors, ;
g 3 owners.and others coancerned with this anportant aspect of modern . ~ i
: g shipping. : ‘;
’ i i
3 g Ask for further information. ;
« | : ' . N
. ‘ i
! D-14 : .3
{ Un.u{ersa.ty Consultants, Inc. )
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i 3

R R .
e Ny
ko




T TR A e RN ATt YD U s e e e ke g g w e .
SRR AT R AT St N s SN g RS R i N s iy T R T S i 37 10 e e
N - N Py R SOV RERTA AT g e T B e A S

) K AN

USsL ‘BELGIAN LINES
Y N . S, N . : Ja\_..__.._mf‘f{m_,,_mﬂ
| |
i

;%g/ 3]" , I

tby bhM) hbM hbM

i

~

i)
Vo e N - - DRI )
kR L g 3 gy B Mo g

CXR Wy

| tain deck container
MORMAC securing systems. in usé on

A —elNa .5 g
~ Nerth Atiantic o

:é,

1.

g

L

-

:IR7 V PECK & HALE, INC, West Sayville, LI, New York ]

Tolerance (exceptas noted) DEC. 3= FRAC. ;g;) ANG. 1.

70M  70¢ | |70M 70M _
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- v Appd.: ’ Scale: None
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% — Top Hook . m — Top Bridge { f‘
N [
G — Plug Hook a1 —otermediste Bridge . g ij
. ¢ (1
E,f ~ Lash - : -~ i i
) § S
‘ y
70M ~— 70,000 M.B.S. Container Lash (7[8) |
t
44MS — 44,000 M.B:S. Coatainer Lash (7/8) (non- stretch :
dt.sq,n) R

44M  — 44,000 M.B.S. Container Lash (5/8) - s

p-l5 | .
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SEATRAIN

TYPICAL 3 HIGH

STOW 7' ACROSS

-

SEATRAIN

2" wire rope, 60,000 1b, M.B.S,

LASH SPECS.:
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Row 1 = { wire, 44M>rlash —cross lash every Container as
shown.

Row 2 — 3 wire, 44M lash — cross lash every SthefContainer
as shown.

MATSON—4 HIGH STOW-=PACIFIC

(R

Lo

1 wire, 7004 lash~-cvery other stack bridge each stack ax top.

Row 3 — No'lash..

-Row 4 — I wire,; 76M'lash — cross fash every other
Containér as shown.
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Examples of main
deck container Z’
.securing

- ‘n Al'
Atlantic & Pacilie

-

PECK & HALE, INC,, West Sayville,.L.l,, New York ;
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‘Séries, C =14 LN AgrcraF’t AF 33‘%6575 -8835, AF’B‘%‘( aain %, UbAF

1C-1412-9, April 6, 1967

7y AND UP, AND AIRCRAFT MOD[FIED BY T.Q. 1C-

1’41A-1129) (See figure 2-20A.) Aircraft AF56-205
< and up, and aireraft modified by T.0. 1C~141A-1120
) haveprovisions for nstalling personnel warning signs
in threé locations: at approximate buttock 1me 40
left and right at fuselage station 958, and at’ fuselage
station 1292 near the center of the -overhead. Each
sign has three legends readable from either side:
NO SMOKING, FASTE\‘ SEAT BE.LTS, and DON OXY<
GEN \L»\SKb The legends. may be controlied inde-
pendex'tly of each other by using the three PERSONNEL
WAR\‘I.\G SIGNS switches on. the pilot's overhead
‘control panel. Provisions for the installation.of these
signs consxst of electrical -receptacles and mountmg
provisions for-the signs themselves. Each electx ical
recepiacle is covered by a dust cap when the signs
are not installed. ‘When the signs aré installed, the
dust cap is removed from the eléctrical receptacle
and installed on a nearby -stowage ‘réceptacle. The

'32-99;, PERSONNEL WARNING SIGNS. (AF66-205
%
1

1 provisions at fuoela"e station 958 includes & strap

'xssembly near e'lch electrical receptacle to tie the
-electrical’ cables up.and out of the way when the signs
are installed.

o Ny

sonuel warning signs, only two signs-are used at the
same time, and only two signs‘are included in alfer-
+ nate mission kit No. 4 (3D10004~ 105) ‘Normally; When
k the aircraft is;in.an all passenger configuration, o11y
{ ope sign is used, and this sign i installed at fuselage
" station 1292. When the aircraftis.inalitter configura<
! tion, both signs are installed at fuselage station 938,
1} The signs.themselves aitach to their mounting pro=~

{ visions by-means of 3/4-turn fasteners,

2~70. CARGO TIEDOWN FITTINGS.

W’\N\I}AMMNW

g CAUTYT!ON
EAPAAMANAANNLNANS
Keep all tiedownfiiting receptaclrs free-of
water,. solveats, dirt, and other foreign
material. Water freezing infloor receptacles
during flight when tiedown fittingsare instal-
led’ can cause damage to the receptacle or
prevent later removal of the fitting. Frozen
{ittings must not be forced from therecep-
tacles. Apply heat first to melt the ice and
then remove the {itting inthe normal manner.

SUEITIN

2-71, RECEPTACLES. (See figure 2-21.) Receptacles
for the installation of quick-disconnecttiedown fittings
are spaced evenly in rows which run the length and
width of the cargo compartment floorand ramp. Three
types of receptacles arve used: one for connecting in-

2-69B. Although there ave provisions for three per- °

ussd: foxr

‘dividual 10,000-pound fittings, one for connecting.in~

dividual 25,000~pound. fittings, and a contmuous-track
type fof connecting troop seat fittings and 10 000-

;pound fxthngs The resttamt rzul restraint ftttxngq

Gtilize the same receptacles as the 25,000-pound
fittings,

2- 72. The individual :receptacles for 10 000-pound
tiedown fittings are:spaced: evenly in three rows which
run the leno'th and width of the cargo compartment
floor. The receptacles are installed on 20-inch
céniex;s in the rows: All 10;000-pound receptacles
accept the- same quick-disconiiect tiedown fittings.

2-73. Four rows of seat tracks are also located
across the floor, and when-used in combination with

‘the individual tiedown. fittings, provide a 20-inch

square grid of 10 000-pound’ receptacles over the
entire .cargo compartment floor Since troop seats
.are never installed on the ramp, se.a.t tracks do not
run inlo this.area, and individual 10 OOO-pound recep=
tacles are installed on a. 20-inch square ‘grid pattern.
(See. figure 2-29.)

On aircraft-AF66-159, 66-161 andupandair-
crafs modified by T.O. I1C- 141A-1186‘ theaft
row .of tiedown receptacles on the ramp will
accept only 25 ,000-pound floor{ittings. These
fittings are for use with the pressuré door
auxiliary latches: If necessary to-use these
fittings for restraint of cargo, use 25,000~
pound floor fitlings but limit the restraint
capability to-a maximum of 10,000 pounds..

.2-74. One row of receptacles for *25,000-pound tie-

down fittings is on each side of the cargo compart-
ment and ramp at butt line 56. These reccptacles are
either restraint vail tiedown nttmgs of
25,000-pound tiedown fittings..

2-75. 10,000-POUND TIEDCWN FITTINGS. (See fig-
ure 2-22.) A quantity of interchangeable quick-dis-
connect fittings for -insertion in the 10,000~-pound
tiedown receptacles and in the seat track tiedown
attach points are stowed in the cargo compartment. A
spring-loaded pull ring on the fitting must be turned
a quarter turn to insert the {itting in the receptacle.
After insertion, the ring is turned another quarter
turn and the fitting-locks securely to the floor. In this
position, the heavy tiedown ring will swivel tofacilitate
connection to the load. The ring is conipatible for

University Consultants, Inc.
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Cargo. Load,.ng, USAF Series, . C ldlA Achraft AF'% (657)-—8835

] From: .
2 _AF 33(657) -14885, T.O. 1C~l4lA*9 April 6, 1967.
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SEAT TRACK WHICH -FALL ON THE 20- ]

INCH GRID PATTERN ARE TO BE USED i
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POUND RECEPTACLE
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INDIVIDUAL 25,000 POUND RESTRAINT
RAIL RECEPTACLE "
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Figure 2-21, Cargo Tiedown Fitting Receptacles
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UNLOCKED

141490011+

Figure 2-22. 10,000-Pound Tiedown “Fitting -(6,667-Pouiid Design Limit Load)

utilization- with-the hook on the Type MB-1 device.
When the f{itting 1s no longer needed, the pullzring
is lifted and turned-to release the fitting from the
floor. The design-limit load for the 10,000-pound fit~
ting is 6,667 pounds.

t\m.&'vmm&:{\mw/.
g CAUTION ¢
. AR,
Use only MB-1 tiedown devices-with 10,000~
pounds tiedown fittings. Use only onetiedown
device per fitting. Swivel the {itting to align
the ring of the fitting with the direction of
force prior to application of the force.

2-176. The 10,000-pound fittings are stowed on a rack
on the right sidewall of the cargo compartment between
fuselage stations 469 and 498, (See figure 2-23.)

Note

10,000 and 25,000 pounds are the rated ulti-
mate strength values of the cargo tiedown fit-
tings. The values of 10,000/25,000 pounds
should be used only for tiedown for cargo.
Use of these fittings for other thancargotie-
down apphications, such as sn:itch block ne-
downs, should be based on the design himat
load value of the {ittings.

2-77. 25,000-POUND TIEDOWN FITTINGS. (See fig-
ure 2<24,) A-quantity-of interchangeable quick-dis-
conneét fittings for insertion in the.25,000-pound tie-
down receptacles are stowed in-the cargo compart-
ment, A spring-loaded pull ring on the fitting must be
pulled up. to insert the fitting in the réceptacle, After
insertion, the spring is released and the fitting locks

‘securely to tha f‘igo\:'.-, In thus-position,tiié-neavy tié-

down Ting will swivel to facilitate connection io the

Joad. The ring is compatible for utilization<with the

hook on one Type MB-2 device.-When the fitting is no
longer needed, the pullaring is lifted up to release
the fitting from the floor, The designlimit load for the
25,000-poundfitting is 16,667 pounds.

& CAUTLON
) 3
SARARRAANARANARAAASNAY. S

o "“W“'“WU“VVV“/“V‘V"“’V‘%

Use only MB-1 6r MRB-2 tiedowndevices with
25,000-~-pounds tiedown fittings. When using
the MB-1 tiedown device with the 25,000-
pounds tiedown fittings, do not exceed the
rafed capacity of the MB-1 device,

2.78. Stowage for the 25,000-pound tiedown fittings
is provided in the forward tiedown chain stowage
locker on the right side of the cargo compartment
between fuselage stations 558 and 578. This locker
is divided by a paxtition; one half is used for fitting

Cargo Loaling, USAF Series, C-141A Aircraft, AF 33(657)-8835,

AF 33(657)-14885, T.0. 1C-141A-9, April 6, 1967.
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Figure 2-23, 10,000-Pound Tiedown Fitting Stowago

AF 33(657)-14885, 7.0, 1C-141A-9, April 6, 1967.
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Cargo Loading, USAF Series, C-141A Aircraft; AF- 33(657)-8835
AF 33(657)-14885, T.0. 1C-T141A-9, April ¢, 1967, '
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Figuro 2-24, 25,000-Pound Tiédown Fitting

overall length of the fitting is 12 inches, which pro-
vides clearance of the ring over the restraint rail,
The combination {ittings are used only when carrying
a mixed load of pallets andvehiclestoprovide tiedown
of vehicles where all other receptaclesarecoveredby

,‘)
——
f

stowage and: the other hall for chain stowage, (See
figure 2.25,)

R, e

2-79,. IRESTRAINT RAIL TIEDOWN FITTINGS
(SINGLE), (See tigure 2-26.) A quantity of inter-
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9 cha‘x}gea'ble quick-disconnect .fntings for securing the the pallets or the restraint rails, Use the{ittings only

;< restraint rails. and the restraint rail end bumpers at specifically designated points,

4 to the cango floor are stowed in the cargo compart-

A meit, A rng which is mounted on the shank of the 2-82, CARGO COMPARTMENT FLOOR TIEDOWN
{itting 15 moved up to unlockthe {itting or down to lock RECEPTACLE IDENTIFICATION, (See figure 2-29.)
the fitaung, The single restramt rail tiedown fitting A grid system is used to identify the 10,000-pound

does not provide any rings ot hooks which can be used
for attaching tiedown chains,

2-80. When not in use, the restraint rail tiedown
fittings- are stowed in receptacles in the vertical face
of the rail on which the fitting is to be used, (See
figure 2-27.)

2-81, RESTRAINT RAIL TIEDOWN FITTINGS
(COMBINATION). (See figure 2-28,) A quanuty of
iterchangeable quick-disconnect fittings for securing
the restramt rail concurrently with aseparate loadare
stowed in the cargo compartment, The portion of this
fitting used to secure a restramt rail 1s identical to
the single restramt rail fitting except that a short
leugth of chatii s wttachud o 1t, Ou thc cthier end of
the chain 15 a rin, of the same type used with the
25,000-pound Littings, This ring will uccept the hook
irom one Type MB-2 tiedown device and provide a
25,000-pound tiedows attachment point for cargo, The

D-25

.

seat track and tiedown receptacles. There are a-total
of 7 rows of tiedown fitting receptacles across the
cargo compartment floor and 42 rows of receptacles
from the {ront of the compartment to the front end of
the ramp, The rows across the width are designated
At through "G" beginning at the left side, The rows
down the length are designated "1" through "42,"
beginning at the {ront. The grid system thus formed
identifies each fitting by letter and number, The correct
letter and number combination is permanently otched
inlo the floor adjacent to each of the (ittings. In
addition, on aircraft AF63-8077 modified by ECP LH-
C141-100-225K, on aircraft AF61-2775 through 61-
2718, 63-8075, 63-8078, and 63-8078 through 63-8087
modified by T.Q, 1C-141A-672, and on aircraft AF61-
27179 and 63-8088 and up, a yellow discis cemented in
the center hole of each tiedown location in the con-
tinuous seat track to further identify the proper 20-
inch tiedown grid, The 25,000-pound tiedown recep-
tacles are unmarked,

University Consultants, Inc,
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/\PARTITION INSTALLED IN FORWARD,
RIGHT HAND SIDE CHAIN STOWAGE
LOCKER ONLY, 25,000 POUND
TIEDOWN FITTINGS ARE INSTALLED
IN ONE HALF OF THE LOCKER,

2, LOCKERS ON EACH SIDE OF CARGO
COMPARTMENT BETWEEN FUS STA 558
AND 578 AND FUS STA 598 AND 618,

). .
141490359

F:gurc 2. ?5. Tledown Chain and 25,000-Pound Fitting Stowage

From: Carqo Loadlng, USAF Sexies, C-141A Aircraft, AF 33 (657) -8835,
AF_33(657)-14885, T.0., 1C~141A-9, April 5, 1967,

—-D=26___IIniverssiv Consultants, Inc,

—y —

Ty

ey
o N miui:‘,w:‘ia’.‘u.4,sk<»3¢>a,:,mg( A b s s £

S0 N S N b e B S e

-

AR LRI




UNLGCKED:

T O
-

n

AT T TR e Y

TN T

-
3 ) . ‘
H +
t - ' . '
: i
« ;" ¢ Pt ‘ -
t a M
L1 ‘ 3
X oy . T )
v % “ .
H
k)
5 : ' i : ]
\ P ;
¥ [' M 41 s i,
. X w
. \ 1 4 o
* ‘Q \ J x
. . ’{" \ x
. . Y * iy o
( W ! ) * I . ..|:
3 . S
;‘ iy \ e, L 4
S \ ’\‘ - N e
- L]
‘; « N, s\ N o
1] -, B
N N \, \_ . } P \:1
WA "~ AN AN ‘
. " » [ & )
N " N N A s
- X » «
%, ¥ AL . f « P ’ . e
. t e N e % M .ot L U P /1
. . Lo ~ P AN LT Y
e e s mrh AN ® i gdsmn o & ke Ame® | & amasreard aas b b S » TP VIR Y St ot —

LOCKED 141A-9-0-134

Figure 2-26. Restraint Rail Tiedown Fitting (Single)
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f Figure 2-27. Restraint Rail Tiedown Fitting Stowage
3 From: Cargo Loading, USAF Series, C-141A Aircraft, AF 33(657)-8835,
4 AF 33(657)-14885, T.0. 1C-141A-9, April 6, 1967.
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Figure 2-28. Rostraint Rail Tiedown Fiv =g { Combinasion)

2-83, CéRGO RAMP TIEDOWN -RECEPTACLE
IDENTIFICATION; {See figure 2-29.). A.grid system
of etched numbers and letlers is used on the ramp
floor to identify each of the 10,000-pound tiedown
receptacies, The rows are humbered "1 through
*8" from front to rear and "A" through 'G" from
16ft to-right,

284, TIEDOWN DEVICES. Two types of tiedown
‘c‘.cviccs are used to- secure cargo: MB-1 and MB.-2,
2-85, MB-1 TIEDOWN DEVICE: (Scec figure 2-30.)
The MB-1 tiedown. device is ratedzat 10,000 pounds,
It consists of an adjustable iLouk, tensiomng grip,
chain lock, quick-release lever, and 9-foct chain.

2-86, MB-2 TIEDOWN DEVICE. (Sec figure 2-31.)
The MB-2 tiedown device is rated at 25,000 pounds,
It consists of an adjustable hook, tensioning grip,
chain lock. quick-release lever, and 9-foot chain.

a., Slide: the tcp end of the adjustable hook o thie:

hanger boit,

h, On the MB-?2 tiedown adjustable hock, attac'ythé
elastic snubbex cord to the lower (hcok) cnd ¢f the
device,

¢. On. the MB-1 tiedown .adjustable hook pull back
the elastic resiraint cord .sufficiently {o allow the
lewer (hook) en. of the .device to sh.ing Luiboa.d of
the cord;

2-83. Tv.o Loxer for- stowing chains removed [rom
MB-~1 and’ MB-J ttedown.devices.are locatcd o cach
sile of the e. go zompartment betweea fusciage
stations 558.a: 578, and 596 and 618, for~-ard o. th2
ving. The forward- box on the right side aleo-hnlds
25,000-pound tiecown fittings,

2-80. ROLLER'CONVEYORS.
(See figure 2-33.)

1 ’1,
g 2-87, MB-1 AND MB-2 TIEDOWN DEVICE e ion s
g STOWAGE, (See figure 2-32,) Hangers lor stowingthe 4 o b
| adjustable hooks of MB-1.and MB-2 tiedown devices ihthihihhthdhthhidit
P are provided in sidewall lockers on the right side Keep ali roller conveyor drip pans {ree of {,
f of the cargo compartment between fusclage stations water, solvents, dirt, and other foreign
! 918 and 1058, and on the left side of tiic cargo cum- material, Water freezinginthe drip pans dure
: partment between fuselage stations 893 and 10635¢. ing flight can cause damage to.the roliers or
! An elastic snubbier cord with an end hook, which will preveat later removal of the conveyors. b
- attach to the tiedown device and hold it secure, 15 Frozen conveyors. must notbe forced fromthe i
e % provided in the locker. The chains for the tieduown floor, Apply heat first’to melt the iceand then ;i
f ' % devices are stowed separately, The adjustable huuks remove the conveyors in the normal manuer, ]
E for the MB-1 and MB-2 tiedown devices are stowed
x| (sce figure 2-32) as follows: 2-90. Four channels for the insertiun of removalse
E : roller conveyor sections are pernwmnently recessed
2 ] into the cargo compartment and ramp floors, The
3 ‘ Noto support channels are located symmetrically acioss
3 the floor at left and right buit lines 15 and 51, The
28 Before attempting to install the hooks make conveyor sections fit into the channels with the rollers
- sure the hanger is equipped with 2 washers, above the surrounding floor level when pluced for
o This number of washers will ensure.propex palletized cargo loading or for airdrops, but may be
f installation. turned over in the channels and locked Into place
: ? From: Cargo Loading, USAF Series, C-141A Aircraft, AF 33(657)-8835,
L AF 33(657)-14885, T.0. 1C-141A-9, April 6, 1967.
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1. QUICK-RELEASE LEVER
2. CHAIN LOCK

3. TENSIONING GRIP

4. ADJUSTABLE HOOK

151A-9-0-016+R

Figure 2-30. Type MB-1 Tiedown Device

‘with their smocth bottom surfaces flush with the sur-

rounding floor for vehicle-or troop.loading, Regard-
less of the way they are-turned, the conveyor sections,
always remain with the aircraft and are available for
immediate use.

2-91. CONVEYOR SECTIONS, Each cofiveyor section
consists of a U-shaped channel which is flat on the

-bottom -and contains follers in the open side, A strip

of soundproofing seal is, installed duwn the length:of
each: side of the channel to reduce noise coming
from beneath the cirgo floor. The channels are 4-1/2
inches wide and vary in length from approximately
7.feet long for the forward and-center cargo compart.
ment sections to 7-1/2 feet for .the aft cargo com-
partment and 10-1/2 feet for the ramp sections. All
of the sections are interchangeable..with other sec-
tions laterally, but only certain of the sections are

‘interchangéable longitudinally due {o their varying

lengths, The most forward and the most aft lateral
rows of conveyors .in the cargo compartment are
limited’ to and mwust remain in their lateral row
locations,

2.92, Each conveyor sectioncontains individual bear-
ing-mounted alumimum rollers onapproximate 10-inch
centers. The rollers are 1-7/8 inches in diameter
and 3-1/2 inches long. When the conveyor is turned
upright, the rollers project 1-1/2 inches above the
floor level, When the conveyor sections are inverted,
the rollers project down into cutouts in the conveyor
tracks,

2.93. CONVEYOR LOCKS. A manually operated
quick-release lock is permanently installed in the
conveyor track between each two conveyor sections,
A tapered lip on the forward section of the lock holds

From:

the aft end of the conveyor section forward of the

lock, and a springzloaded plunger with finger.hole on
the aft end'of the lock holds the forward-end‘of the
conveyor section aft of the lock,

2-94. RESTRAINT RAILS,

2-95, Retractable restraint rails are provided on

th sides of the cargo compartment and ramp.{loor
to aid in loadirg, tying down, and:unloading palletized
carge and airdrop platforms. When fixed in position,
the rails provide a continuous narrow channel down

both sides of the-compartment, for the entire length

of the cargo compartment and ramp. These channels
guide .platform and pallets. in and out.of the-aircraft,
hold them down against the rollers; and with restraint
mechanisms provided, prevent forward and aft move-
ment. During .airdrops, restraint mechanisms on the
right rail may be set to apply a variable amount of
aft.restraint to the platforms;

2-96. “The rails for each side of the aircraft are
built in ten sections-to facilitate handling. All sec-
tions forward of the troop door openings are attached
to the side of the cargo floor by hinge straps.and can

‘be folded up under. the side walkways when not.in.

use. The remaining sections :are stowed as loose
equipment when-not in use,

2-97. Two stowage racks (figure 2-34)*whichholdtwo
restraint rails each are located on the left and on
the. right sides of the cargo-compartment in the ramp

-area ‘between {uselafe stations 1292 and 1398, For

stowage, the rails are placed so that the holes nor-
mally used for inserting tiedown fittings align with
hoies on the stowage racks. The tiedown fittings used
with the rails are then fitted through 'the two holes
to ‘hold the rails secure. The ait removable restraint

1. ADJUSTABLE HOOK

2, CHAIN LOCK

3. QUICK-RELEASE LEVER
4, TENSIONING GRIP

14149007+

Figure 2-31. Typo MB-2 Tiedown Device

Cargo Loaling, USAF Series, C-141A Aircraft, AF 33(657)-8835,

AF 33(657)-14885, T.0. 1C-141A-9, April 6, 1967,
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MB-1 AND*M3-2-TIEDOWN
DEVICE STOWAGE
RIG HT SIDE

FUS STA
1058

L@

FUS STA MB-] TIEDOWN
1058 DEVICE STOWAGE
LEFT SIDE

FUS STA
998

141A-9-0-056

Figure 2-32. MB-1 and MB-2 Tiedown Davica Stowago
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TIWT R 0 mew vm e mm s e aem n GRSS e oA Sy hd

[N
A
.

—

rail in the cargo compartment and the aft restraint
rail on the ramp are stowed.in the forward stowage
rack. The forward removable cargo floor andforward
ramp restraint rails are stowed in the aft stowage
rack.

TR XYL

f12-97A. On aircraft AF66-192 and up, canvas straps
| are .provided at each stowage location to secure the
j stowed rails tightly to the structure. This éliminates
gthe noise sometimes caused-by the rails vibrating
against the stowage racks.
2-98, RESTRAINT RAIL END BUMPERS. (Sce fig-
ure 2-35.) Two restraint rail end bumpers, each
containing a block of steel-faced rubber, are pro-
vided for attachment at the forward end of the two
forward restraint rails at fuselage station 487 topre-
vent overtravel of pallets or platforms. One restraint
rail end bumper is attached to the {orward end of
the left rail and one 1s attached to the forward end of
<he right rail, Each end bumper contaius two mount-
g holes which permit one attachment tothe restraint
rail and one attachment to a cargo floor 25,000~pound
receptacle. The standard restraint rail ticdownfitting
is used to attach the bumper to the floor,

2-99, When not in use the two restraint rail end
bumpers are stowed together in brackets (figure
2-36) on the right side of the carge compartment
near the forward end, Each bumper attaches to its
stowage brackets by tlie tiedown fifting used to attach
the bumper to the cargo floor when it is in use,

2-100. LOADING AIDS,

2-101, The following loading equipment is furnished
for use in louding the C-14) aircraft,

2-102, CARGO WINCH PROVISIONS (AIRCRAFT
: AFG61.2775 THROUGIH 64-623 NOT MODIFIED BY T.0.
1C-141A-545), (Sce figure 2-37.) A compartment

RN X A L AU ANET IR i T oo i o

D-32

Figure 2-33. Raller Conveyors

AF 33(657)-14885, T,0. 1C-141A-3, Aprid €~19577 o

»

- @ me wn m et

-1, CONVEYOR:SECTION LOCK
2. ALUMINUM ROLLER
3, SQUNDPROOFING SEAL
4,'SPRING LOADED CATCH

.
u M

141A=9-0~0194R

for permanently stqwing‘and operating a cargo winch
is recessed at the forward end of the cargo compart-
ment floor, beneath the flight station. The removable
winch-attaches to-the flgor of the winch compartment;
or to any two 10,000-pound’ receptacles in the cargo
compartment, by .two fitlings. at its forward end, An
electrical connector adjacent to the compartment
supplies 409-cycle, 3-phase, 200-volt electric power
from the No. 3 main AC bus for operation, A remote
control on an extensi.a <~hle pei'mits the operator
freedom of movement <while operating the winch,

Ncto- -

Cargo winches for use inthese compartments
are not available,

2-103. A removable cable guide roller is installedon
the aft edge of the winch platform to keep the wineh
cable close to the compartment floor. This perunis
the cable to be run under forward pallets ov piat-
forms tv drag in more cargo from the rear, It also
prevents thie winch cable from damaging the ceiling
of the winch compartment. Removable fabric covers
completely enclose the winch compartment when

the winch is not in use.

2-104. CARGO WINCH PROVISIONS (AIRCRAFT
AF61-2775 THROUGH 64-623 MODIFIED BY T.O,
1C-141A-545 AND AIRCRAFT AF64-624 AND UP),
(See hgure 2.38.}) A recessed compartment f(or
permanently stowing a cargo winch 18 located at the
forward end of the cargo compartment floor, beneath
the flight stativn, The winch has a retractable wheel
at each corner and may be rolled out of the compart-
ment and attached to standard cargo compartment
floor tiedown fittings if desired, Normally the winch
1s operated without removing it fronmthe compartment,
and snatch blecks are used to provide side pulls if
necessary,

University Consultants, Inc.
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The Source for pages D-33 through D-37 1S: Preparation of ‘f‘\relg i

for Air Shipment; December, 1969 DSAM 4145.7; TM38-236, NAVATR 15--01-3,
EFP JI-8, MCO P4030.30A, Section 1-19. :

3 1--19. Cargo Tiedown: Devices

>~ Cargo tiedown-devices are used to securé cargo in
the aircraft and to prevent it from shifting dur-
ing flight. The most commonly used tiedown de-
viers are the D-1, C-2, MB-1, MB-2, A-14, and
MC-T..Cargo tiedown nets are also used to secure
and restrain cargo.

a. D-1 Tiedown Device. The D-1 tiedown de-
vice is rated .at 25,000 -pounds and used to re-
strain heavy cargo. This,device consists of a turn-
buckle and jaw.arrangement attached to a chain.
The:turnbuckle is attached to the-chain by insert-
ing the chain by means of the offset hook to-the
-cargo and attaching the jaws of the:turnbuckle to
'a.25,000-pound tiedown fitting in the floor of the
aireraft. The chain .is then tightened by turning
the tensioning-collar in the center of the turnbuc-
kle (fig. 1-13).

b. C-2 Tiedown Device. The C-2 tiedown de:
vice is rated at 10,000 _pounds. It is similar.to-the .
D-1:device except for size and weight limitations. “4‘
This device is- constructed and installed ‘in the '3
same manner as the D-1 device. It is attached to ;

-~ LY
ta b B Tt e Cara A Y 15 £ P ST ry

S tf ot her s d b

- the 10,000-pound tiedown rings in the cargo floor ii

{ (fig. 1-13). , 5
¢. MB-1 and MB-2 %iedown Devices. The 1

MB-1 and MB-2 devices serye the same purpose

as the D-1 and C-2 devices, but are different in
design. Instead of jaws which are attached to the
« tiedown ring, the MB-1 and MB=2 devices have-a
heavy hook which is engaged with the ring. The
MB-1 and MB-2 devices are used with the same
type of hooked chain as the D-1 and C-2' cargo
tiedown devices, but the MB-1 and MB-2 devices
have a quick-release feature which makes it pos-
2 sible to detach the device from the chain in-
stantly, regardless of the tension on the -chain.
The MB-1 and MB-2 devices have knurled ring
(tensioning collar) which is turned te tighten the
ticdown .chain. The MB-~1 device is rated at

TR T e

VTR 7 o
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1 10 DITRMINE WEIGHT YO DEIERMINE CENTIR OF GRAVITY

§§ et

i

i WEIGH UNIT POSINON . UNIT -

Il ON SCALES ON e UL .

- w BA g

i S| s ]

lj . »

j . GENIRAL CARGO

h - — - - : - -

a TO DETRAMING WEIGHT YO DETERMIME CENTER OF GRAVITY

1

i
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1. If scales cannot accommodate eatice unit, deteemine
wc:gh: of cachend, using mglc irons as fulerums.
. Noto
Mark fulcrum focations-on both sidés of unit when
weighing one end. Linc up fulcrums with mirks when
weighing opposite end.
2. ‘Deteeavine vniv weight by adding cod- weights. 1.

X = Distance from fulcnim point 1o center of gravity

L Z.Distance beeween fulcrum points

w, = Weight of onc end of upiz

w, = Weight of other end of unit

W = Total unit weight (w, + w,}

Determine moment at fulcrum point w, by multiplying

distance between fulcrum points (L) by uait weighe-at

fulcrum point w;.

2. Determine X, the center-of -gravity distance from fulcrum
point w, by dmdmg nioment at fulcrum point w, (from
step 1) by tocal unit wc:gh (W).

LA(’GE ‘OR SKID~ MOU'\! D CARGO

1O DETERASINE WEIGHY TO DETERMIME CENTIR OF GRAVITY

1. If scales cannot accommodace either full track length or
weight of vehicle, run haiw'way onto. scales and weigh.

2. ‘Mark both sides of vehicle at points coinciding with

=

DRIVE VEHICLE
* ONTO WOODEN

edge.of scales. Drive other end of vchiclc onto scales BEAM UNTIL o
o marks on sides of vchicle and weigh. IT DALANCES \ =
3. Determine unit weight by.adding wcn;,h:s of both ends -

of vehicle.

TRACK~TYPZ VEHICLES

Nota:
This figure illustrates methods of detcrmining the weight and center-of -gravity location of
¢ypical cargo units. These cargo units include general ¢argo, large or skid-mounted cargo,

track-type vchicles, and single and multiple unit vehicles,

JIMPTC 421

From:
DSAM 4145.7,

¢ Figurs 1-11, Dctcrmmmg unit weight and center of gravity.

Preparatlon of Frelght For Alr ohlpment De;éﬁber 1969,
TM38-236, NAVAIR 15-01-3, AFP 71-8, MCO P4030.30a,
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Figure 1-12, Determining vehicle weight and center of gravity.
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THUMB PLATE
MOVABLE HOOK

JAW.ACTUATING COILAR

C-2 AND D-1 TIE-DOWN DEVICE
(IDEN‘-‘ICAL EXCTPT FOR SIZE AND STRENGTH)
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Figure 1-19. Cargo tiedown devices,

10,000 pounds and the MB-2 device at 25.000
nounds {fig. 1-13).

d. MC~1 Tiedown Device. The MC-1 tiedown
device is rated -at 5,000 pounds. This device con-
sists of a web strap and fwo metal hooks. One
hook is stationary and one is movable., The MC-1
ticdown device is installed by hooking the sta-
tionary hoolk on the end of the slrap {0 one of the
Licdown fitdings. The other end is passed over the
carga and the movable hook is hooked to another
tiedown fitting. The strap is tightened by pulling
wne {rec end through the pretension bar which
automatically locks in place. The MC-1 tiedown
device is removed by pressing the takeup assem-
oly (fig. 1-13).

e. A-14 Tiedown Device. The A-1A tiedown

device is similar to the MC-1 device, but is ligh-
ter. It is rated at 1,250 pounds. The A--1A device
bas a stationary hook and a movable hook. I{ is
tightened by pulling the firee end through the
thumb plate which automatically locks in place
(fig. 1-13).

f. Cargo Ncts. Cargo nets are used to secure
general cargo in the aireratt. The use of cargo
nels minimizes the individual ticdown device reo-
quirements (fig. 1-14). '

¢ Cargo Tiedown Fittings. There are two
tvpes of cargo tiedown filtings that are perma-
nently installed on cargo aircrvaft. The first is an
AN fitting or light cargo tiedown titting. The AN
fittingrs ave bolied to the aireraft floor as perma-
nent installations. The second type of tiedown fit-

TOm; E.r.%%a.na.i;i_an__cf..ﬂmight.lzm;.zxir_;shi ment, December 1969,
4%.4?1‘:7, TM38-236, NAVAIR 15-01-3, AFP 71-—8p, MCO P4030.304, Secti%SnAMl—J.Q
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Figure 1-14. Application of net ticdown.

tings is @ heavy cargo tiedown. These fittings are
fastened directly to the floor structure and are
used to tic down vehicles and heavy cargo items.
The tiedown rings are designed to withstand dif-
ferenit loads. Examples of tiedown fittings on a
C-130 aircraflt are—

(1) The 10,000-pound tiedowr rings. These
are D-ring type fittings located 20 inches on cen-
ter in the cargo floor.

(2) The 25.000-pound ticdovwn rings. These
are D-ring type fitlings of which 8 or more may
be installed in the cargo floor.

(3) The 5,000-pound tiedown rings. These
fittings are instalied on the ramp and sidewalls of
the cargo compariment.

From: -Breparation.-of Freight For Air

h. Restraint Criteria. Cargo in the airveraft is
subjected to forces resulting from rough air, ac-
celerations, rough landings, -crash landings, ex-
treme attitudes, and decelerations. Cargo has 2
‘tendency to move forward when the aireraft is
suddenly slowed. Other forces tend to move the
cargo aft, to either side (laterally), ox up from
the cargo floor (vertically). The amount of res-
traint needed to keep cargo from moving in a spe-
cific direction is called reslraint criteria. Res-
traint criteria, including minimum resiraing
Torces, palletized load restraint, and techniques of
applying restraining devices arve found in the
applicable technical order covering each airerart.
An example is: TO IC-141A-9, Cargo Loading,
which is applicable for the C-141 aireraif.

Shipment, December 1969, DSAM

4145.7, TM38-236, NAVAIR 15-01-3, AFI 71-8, MCO P4030.30A, Section 1-19.
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The'Source of pages D-~38 through D~46¢ is: Advanced’
Shipboard Chain Tensionrer System. Bulletin 5045A, Aeroquip,
Van Wert, Ohio, June 1970+ .
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DESCRIPTION

Considering the requirements for a shipboard vehicle tiedown
against the background of existing equipment and possible
approaches, Acroquip designers evolved a family of three
similar chain tensioner devices that operate with a simplificd
deck track, This approach is an outgrowth of experience with
cargo tiedown systems currently used-in cargo aircraft, It
avoids or minimizes the shortcomings of the existing shipboard
systems, but takes full advantage of successful experience
accumulated with current Mil-spec and FSN devices.

Deck Track

The deck track is welded to the deck in all spaces where vehicles
or cargo might be located. Track can also be installed or shifted
as desired while the ship is in service without creating structurai
problems. Length of track and spacing between tracks is very
flexible, depending on vehicle .or cargo types anticipated, What-
ever the requirement, the broad flexibility in track layout pfo-
vides a very high density pattern of deck attachment points. The
track has the following design features:

1, Low Silhouette - The track rises only 1 1/8 inch from the
deck, across a symmetrical width of 8 inches, This low
silhouette does not interfere with normal operation of
vehicles, and works to prevent sudden transitional lozd-
ing of the deck by a vehicle traversing at an angle. The
track is also entirely compatible with normal forklift
truck operations, See Aeroquip Test Report 63944,

2, Attachment Points - These are simply 1 3/4 inch holes
spaced on 4 inch centers along the length of the track.
Such high density of attachment points always assures
a wide selection of tiedown points and angles.

3. Scupper Drain Holes - These are 1 12 inch radius holes
on 4 inch centers spaced alternately on each side of the

track.

4, Strength - In tension or shear, the track is designed to
offer restraint exceceding 35,000 pounds pexr attachment
at any angle of pull, including the vertical., In compression,
the strength will exceed 100, 000 pounds per lineal foot,

. D-38
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Track design and strength preclude high unit 1‘6ading of’
the track ox the deck uader compression loads,

Installation of Deck Track

Since the cargo and vehicle loading plan for a ship can vary - so,
widely, depending on the mission, it may be unwise to tailor

the track plan to any particular vehicle or vehicle mix. The
recommended installation plan for track would call for a simple
fore and aft layout in all areas whére vehicles or cargo must be:
secured. In all cases, the déeck track provides extra strength
in the deck itself, in addition to its othe# functions. The track
can also be cut to fit, as required. In all cases, welding of
track to the deck is done according to normal shipyard practice.
In no case is it necessary to-cut or pefietrate the deck itself.

Chain Lashing Assemblies

The chain lashing assemblies consist of three primary'compqne:xts:
Chain Tensionexr
Chain, Grab Hook Assembly
Deck Fitting

These assemblies are available in three sizes:

7,000 1b MUSR (weight: 13,7 lbs)
15,000 1b MUSR (weight: 18,0 1lbs)
35,000 1b MUSR (weight: 36, 7 1bs)

Note: MUSR = Minimum Ultimate Strength Rating

1. Chain Tensioner

.

The chain tensioner conta'us a chain link locking jaw, a quick
release mechanism, a pre-tension load cell, and a tension
indicator, This unit operates as follows:

a, The chain'link locking jaw traps and holds a chain link
during installation of a chain iashing and drops it dur-
ing releasec,

b. The energy absorbing pre-tension and tension load cells
permit the secured cargo to "'live!" with the action of the

D-39
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ship in the seaway, This "$oftii‘ restraint eliminates
overloading and thé possible failure of any single tie-

[272 .down, yet limits ‘travel safely, .and securély restrdins
the load..
Cs. The tension indicator permits the degree of fension:to

be easily determined by visual inspection, sighificantly
decreasing the time nécessary for routine inspection

of secured vehigles and simplifying training of perscnnel
in-cargo restraint technique, )

d. The tension rod terminates in a clevis configuration
facilitating the rapid-change of attachment fittings,.

e. The release mcthad permits remote release if desired:

2. Chain, Grab Hook Assembly

L Each size of chain wil! mate only with the equivalent strength

‘ chain tensioner and have a grab hook sized to the chain installed
on the one end. A standard length of chain is 108", but.could
be longer or shorter, as desired: The "bent'" shape of the

| . grab hook permits even load distribufion.

, . . . N .

ol

3. Attachmeént Fittings é
= Thesc end fittings will be supplied as follows: &
N a. A 35,000 Ib quick fit, deck track attachment fitting is :
b usecd in the pierced holes of the deck track. This fitting, f

with a cargo tiedown ring incorporated, can be supplied 5

" for special use with other types of tiedowns.

The 35,000 1b fitting is omnidirectional and cannot
accidentally be partially attached, or misattached
to the deck track, It is suificiently strong to per-
mit use with all three sizes ofylashing assemblies,
thus climinating any possibility of mismatching, It
also utilizes a positive lock to prevent inadvertent
release under shock conditions.

b, A safety snap hook with a spring-loaded safety latch
can be provided for use with the {ive bar dimple fittings
installed in the hangar and helicopter flight decks., These
D-40 )
University Consultants, Inc.
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hooks may also be used with standard tiedown rings
or pad cyes when required, ’

c. A "bulb hook" which mates with deck sockets designed
in accordance with BuShips Drawing S2700-F-1213717
can be supplied for use in cargo and vehicle spaces fitted
with these sockets. . '

= W 1

- o
For exact lengths and other facts about the chain lashing assembly
and deck. track system, see the data sheet. )
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1. Deck Track 4. Chain/Grab Hook Assembly
2. Chain Tensioner 5. Vehicle At*gachment Points

3. Deck Track Attachment Fitting
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CHAIN LASHING ASSEMBL

.

Weight/Lincal Foot

Compressive Strength/Lincal Foot
Minimum Strength of Attachment Points
Attachment Points/Lineal Foot

Scupper Drain Holes/Lineal Foot

——— —— ar———— e st e 8 o men #

1
A ' — Degcxiption : ;3
€ ../I o i B 3 A‘
A.  CHAIN LASHING ASSEMEBLIES f g ;‘
1.  Maximum Length . : : oy E {
2. Minimum Length o } g

3.  Adjustable Length - , R

4. Weight . : ‘ oo
. N ‘ " : o i 7
B. - CHAIN TENSIONER ‘ s . f
. x . ’ . ’ " H i ::
1. Maximum Length (Tension rod extended, no spring load) ! ;
2. Minimum Length (Tension rod retracted) % ¢
3.. Adjustable Length . k
4. Maximum Width e ) l ]
5. Pretension Load Cell ' i i ?
a. Maximum Tension . L : ;
.b. Force Required ; ' | ]
c.  Travel at Maximum Tension ) _ "
6.  Tension Load Cell ’ , |
a, Travel at Maximum Tension . . '; : §
b, Spring Load at Maximum Travel - : ;
— c. Energy Absorbed (Average spring rate times dxstance) :
A 7. Minimuim Tension Released by 50 lbs Force on Release Latch ¢ f?
\ 8. Veight .o : i f
9.  Clevis Throat Width and Clevis Pin Diameter '{ : 3
C. CHAIN, GRAB HOOK ASSEMBLY b i
: ;
1. Chain Size f :
2, Chain Weight ' ;
3. Chain Length e ' : p
D. DECK TRACK ATTACHMENT FITTING : ;
1, Weight 3

E. DECY TRACK
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'

Y AND DECK TRACK ASSEMBLY -

7,000 1b MUSR

s

a

3 N

b i

P [
- '

4

% &

b H .

k . x

b N

124.C in

17.0 *in

107.0 in

) 13.7 1b

‘ 17.5 in

) 13.0 in

4.5 in

2.7 in

300.0 1bs
35.0 in-lb

.15 in

.85 in

2,100.0 1b
1, 000 in-ib

5, 000 1b

( 7.0 1b

.218 in
, 5.0 1b
108.0 in
3 35, 000 MUSR-
: 1,86 1b
. 10.351b
100,,000 1b
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‘ 3.0
: 3,0
{

.87 in/.750 in.
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20.0 in 25.0 in - -
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18.0° 1b 36.7 1ib , , ©
21.9 in 25.8 'in
15.2 'in 17.8  in _ ,
6.7 "in 8.0 in IR .
2.8 in 2.5, in ) ) £
L ) , £
300.0 1b 350.0 1b : {3
" 16,1 in-1b 23:0 a-lb . 3
0.7 in .8 in C :
3 _ £
.8 in .7 in . :‘1
4,600.0 1b 10,500.0 1b * ' |
1,860 in-1b 3,670 in-1b , ]
5, 000 1b 5,000 b - >
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.87in/.750in - .87in/.750in ‘
'3
; i
|
. 281 in 0.468 in '
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/ e ke
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- N .‘ %
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The Source for pages D-47 through D-54 is: ‘
Military Specification Air Transportability MIL-A-8421C{USAT)
Requirements, General Spécification for. 14 August 1269
MIL—A:"8421C (USAF) 14 August, 11969. SUPERSZEDING
' MIL-A-8421B(USAT)
5 May 1960

MILITARY SPECIFICATION

AIR TRANSPORTABILITY REQUIREMENTS, GENEZRAL SPECIFICATION FOR

1, SCOPE

This specifica.ion covers gea aeral- des.o. n and performance requn'c'n nts
for air transe 1tao ili ty of miiliary eq sment., The complete air transportability re-
qu.reraenis or an izem of equipmend hm speéiiied herein shall be specified in the indi-
vidual equipinent specification {see-8. 3).

»L, 1 Scome, Tai
.—-—A——-

to »n\, a.l" tr ; ot : ail ie 1 military equipment. They represent
e transporichbility fewures. When it is known that the ecuipment
will rec,«;.re bra‘.sport bility fectures that ave more severe than the transpor Lam.xty
icatures stated nerein, the transporicbility fe tures may be more stringent in the indi-

-~ #*1.2 Applics 'hn,y TrLe recuiremeats and tests contained in this specification apply
50 i ¥ L3¢

1 < LIy,
vidual ecm:::‘ue;.. srecilicaien,

2. APPLICAERLE DOCTMEN .

*2,1 The follcwing docummernts, of the issue in eflcet on date of invitation for bids or
caest for proposal, form 2 part of this specification to the extent specified herein:

Wilitary

MII~3I-8090 Mobility, Towed Aerospece Ground Equipment, General Require-
menis for

WIT~T-25959 Tie Downs, Carzo, Aircraf

VII-T-27280 Tie Down, Cargo, Airers?t CGU-1/B

mwsen sremy o . :re 2 . P | ,.1 4
MI-87D-143 Suecificuticns and Standards, Cedler of Precedence for the
CQalaa“irn nf
WAV W vAawas e

:s oI specifications, st;':‘ar:s, Crawings, ond publications required by supa"-
s c nnieion with sreociric procurerent funzilons should be obtained from the
procwring activity or as dirccied oy the contracting ofiicer.)
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2. RBQUIREMENTS I

3.1 Seleciion of speeificatione and giand 1“" Sgecifications dnd standards for ne- k
ceesary co.nmedities and ser i

3

rvices not specisied Lerein shall be selected in accordance

=
yu
L §
j )
$-
r.1.
f~
i
2
3
t:‘
R
b=
w t

*
y
3.2 Size and corfiguraticn of eqoinmant items. Equipment items shall be of such k
sz Lad co.‘.-z; -ra:i a1 tnal they can be icaded into anceirerafl as a unit, When speci- P
Jed i2the zoverning specilication, partial disassembly and packaging will be per- 3
siteed. E
3
- &
4
3.2.1 7o faciiitale handling, the ecuipment sizll be as compact ard lighiweizght as 4
J::ctzc..l, howaver, case of maintentice and serviceability shall not be impaired in 4
eeting this rwmremem. 3
i
3.2.2 I shell b2 possible to load the eq:;i- ent into fhe airera ﬁ and-readily position 5
e eouiniiant withoue daracge 1o fhe aivesadt tf ure i s1r a2 minimum amount of 3
marndling egalprient, :
#
5 - fres . - . . :

&. 2.3 ¢ shall bs possibie to secure the equlpn ent against ail loads encountered-dur-

by ;-:;.1:, texilng, and groand handling of aireralt without damage to the aircrail or

e re A m e w
N s pdaadCiiv,

8.8 Deei~:, Desizn features of equipment shall méeithé Tfollowing general réquire

]
3
[ 4
RIY [ TV TR,

fL.U. D Alren? fcor lcdl (, Individual wheel or exle Ioads and general floor load- ?
1.3y &5 cerermingd Ivom tre plan view of the-equipnient, shell conform to the fuselage
Zose and contpariment lin itati ns for the airerait concerned (see 6.3). 3
- p

w2,8.% Tegled ecuiznent. In addition to the requirements herein, wheeled equip- :
SA0IT Al mesl the raouirvements of MIL-M-8090, §
2.8, 8 TFuzkterd tawiing loads. The ecuipment sheil withstand, without loss ol ser- 3
vioeenilic”, oaanceleraticn of 23 for & minimuis of 8 sec cnds applied i*xdep\,ndentiy 8
c1ony eacl of the longitudinal and vortical axes in each divection, and 1-1/2g for a ;
il 07 8 seconds appiied indepandenddy aiong the lateral axis in each direction,
i

Todekw Trvereinay e 33 loars.  Teuipmen: shell be Gesigned to withstand the fol- | {
23 Tz locds enpountared in crash landings without any of the major components of !
Tt Ssicg Traosperiid '*rcak:r:; icose. The iiem reed uot be serviceable aiter being
SUTICE.S W SUsh sgeslerations. ;
4

N

.. Aominaava of O7in eichor dirvection asp’iied independently along ea 2ch horizontal §
s .";,_ to.alalnum o) O sccords. Waen the ecuipment is of such size or configuration 3
e de Sl 82 20280C N0 cargo aivesnit with viy 2 nesvicular axis parallel to The long- A
Lolaastonic ol thay adverait (i.e., alruek that can be driven forward or backed into the ’g
P

x .

- b
3
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MIL-A+8421C(USAT)

aircrafi), the 92 requirement neéd be mer in both directions along this particular
axis fi,e,, lerg axis of the iruckj. When the loading direction is fixed or specified
for an item (i.c., a truck that can only be driven forward into the circraft), the 9g
recuirement need be met only the forward direction and a 2g requircment shall be
appiicabie in the rearward direction.

*b., A w1inirnu“1 of 4-1/2z verdeally cownward for 2 minimum of 3 seconds in such a
dircction that couipment ca':r.cd in a carso compariment imposes a load on its wheels
cr supports in a cownward direccion.

3.3.5 Attachments

*3.3.5.1 Atla anﬂen* devices. uquipro\,nt srall be provided with attachment points

that will accommodaie boih ends-of tae tiedown davices specified in 3.3.5.1.1 and
skallb rm.r.\.ed in 2ccordance with 3.4. These attachment points shall be suitable

for use ix conjunction with the attachmcnt points on the airerait floor which, in gen-
eral, have a capaciiy of *G 000 pounds and are placed on 20-inch centers. The atiach-

mext poinls shall permit the applicction of adecuate rbstraint to the equipment when

surjected to ite accelerations spacified in 3. 3.8 and 3. 3.4 during flight, taxiing, and

eraergengy larnding,

*3.8.5.1.1 If the configuration of the equm“q nt
down devicas of ihe a*:p“op 1~-w reted e2 pacuy a
parr tlor tiecovm lccation withcut the use of sta
for the eftechrnent filtings spccmed in3.3,5.1in

parmits the use of the following tie-

nd provides adequate strength in a

adord attachment fittings, provisions
such Iccations may be deleted: -

Item Nomenclature Spacification Rated Capacity
Tie Down, Cargo, Aircrait MIL-T-272360 5, 000 pounds
CGU-1/B
e Dowzas, Cargo, Aircrafi MIL~T-25959 10, 000 pounds (MB-1)

25, 000 pounds (MB-2).

location of provisions for attachment fittings
e following:

5.2 1egcclon of '"iM‘ :e*x’s; The
g rrnitea afer considering th

a. Tiedowa gria p.mern:, for the particular aircraft in which the equipment is to ke

trazsyoried, including the rumber and 1ccation of nigher capacity tiedown points

h.e acces.ibility of aitcchmoent poinis on the airerait in view of requirements for
i escape clearances and flight 2isleway cicarances

By @

¢.  Position of atiachmernt points arcund the Lorizoantal periphery of the equipment

d. rosition of attachmenti points wiil reference to the vertical centex of gravily of e
coursraent
3
D-49
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Aszle ol tiedown with horizontzl plane

AR e LA s

H
G |
7-'{. AczossiDility of attachment poinds on both equipment being transported- and-aireraft !
iz which & ;.gment is rans: ortea :

H

s "'ya"cai loading clizgranm cf the equinment fo ke transported .in each zaireraft pro-
viling alv transsort copability.

5.5.8,5 ' Numbar of solzciveonts.  The nwmber of locations for attachment fittings
sauzilt Be no!l :ess than four.

3.+ Markizg

3.4,1 Ecuizme t. auipment shall be marked to provide the information recessivy

to Jeeiritzie loading n the aireraft. Unless otherwise sypecified, the marking shall’bo
gtazeiledinan ap;ro*‘q t@ location on the exterior of the equipment. 'V'arkmc shaj’ )
facilds ot l2ast the foriowing

2.4, 1 Tiglovm fittiags.  Tiedown attzchwents or fittings shall be identified and the

DR

: S
-~ P - 1
Llswesie oxa s-zll e iacieaied

r » Sademwd . St mata 3 -~ f o Jd4vs T < ~3 "y 3
oo 1.2 Shioping velilt ood center of gravity lozation, The.shipping weight of the
- en - . Sran s na s mm gty - -~ e T e - ™ g
dominazent inoan alr ransortame condition siall be marked inz con xs;“f‘uo".s lozztion
. - oy .1 P b ORI ] 2 F1) ES NP :
L cantor of gravity clong each axis infiuencing the melhed of loading and tiedown .

- i

Ter T an e meaten s j4an

Clll o3 TLETSCSOL O Wi2 1tena.,

( Hoisting fittings shall be identified and t}'e required
-1‘.:, weations where forilifis miay bé applied shall be ident-

®e.4, D Clnnroraneikings,  Other markings shall be provided to cover the following,

Ve Do - oy o o - ale—iha A.--)'
-~ :-___—

Gt @& Diey

* ey e oA
Voaao'3 :._._J--vau.\a N

-' Tisirlsdens for vetraction of wheels or casters to provide greater bearing surface

. g arans W S

A YY)
. oA
n v-\aw.& c.uue

Soadi R il T & arr A

b
N e 2 s Luneyse ., Fa $ e, ) . i
5. Lesiiilucion of swecial struts or braces to meet flight loads ) H
g &
C.:-..- N TS L . Y AL . H b
G A e O WD 2X1TCTALL WS CTItLCS ¥

N for ssocial servicing or other prejparation for air shipment

. v -
fxe Ahav\- e o) nE

- IS ...‘ e Y ~ ey X 3 A '.‘ 2 gmntade 3
. G cavtions o be oosexved during loading, fligni, or unloading.

e rvaasl R ierala
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4. QUALITY Z3SURANCE PROVISIONS
4,1 Respor:s*o'ht y for iaspesticn. Taless otherwise specified in-the coniract.or
pu:cnaae order, the supplier is responsible for the performance of all inspection

recuirements as sgecificd Lerein, Ixcept as cinerwise specified in.the coniract or
oréer, the-suyp zie' may usc S own or any oi.er facilities suitable for the perfor-
marnce of the inspeciion regaireizents specilled herein, unless disa pproved by the.
Ccvernm‘.nt Tre Goveraren: Z‘ebCl‘VE,‘S the right to perform any of the inspecticns
sct forih if-the sn°cx ication whare steh insgections.are deemed necessary to.assure
supplies and services conforn: to preserived regquireinents.

*£,2  Air transporiasility tas:s. Air transportabilily tesi. shall be periormeéd on
devc"zopmentu'i test icemns, m'ep:'o action test itemas, quaiification test items, or
samp‘e items zs proviced for in tae individuel equipment specification.

4.2.1 Exeriration ¢f preduct. The item cf equd p*nert, drawings, or other datz
cefizing the itcm siall be examined to Cetermn ::.e ‘comorrc::r\ce to e rc;u;rer‘nents .0f
tkis specilication. Deviations from: these

s}
302 m = a2 il
eu..-‘.n.u,..» SP cn-eauon shail be czuse for rc;er;On.

4.2.2 Ramp tect. For monile egaipment, the ramp test specified in MIL~M-8090
shail be pericrmed:
>
ing tests shall be performed te deierniine

vecified. herein:

2 PROIET) % A ey ot
oL J-.a‘.ce Wila L@ aceeiera

#4,2.8.1 F ig'.t and taxiing Joods. The equizment shall be restrained in a.manner
23 Zor loading in an airerafi. The ifem shzli he acceleraied so as to produce the
nceolerati ms recided in 3. 3.3, as measured by an accelerometer. 1-0110\%..a tnese
3503, a2 cuu*pr:'*nt szl be examined, ogeriiéd, and subjected to tiic perfornmiance
2.3 suacified in the individual ecuipment sgacification. Evidence of permanent de-

L

i
iossatinon of siruceiral raerners or .auure to operate and meet the performance re-
cuirerents of e individual equipment specification shall be cause for rejection.

ads. Upon successful completion of the tests in

N

& 2 equipraent shzil ve subjected o the accelerations
sted be'ow in the order specified. rollova..o these fests, the equinment shell be
zemined, Breasing e of the ecuipment frem e tiedewns, -or separation of a

corzonent from tre main body of the ecuipment shall pe cause for rejection. The

itcza need not te serviceable 2

—
(e}
0
)

——an

Zior being subjected to these accelerations.

University Consultants, Inc.
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-~ % Taa @ ataa Y. - .3 ra ~y Ay
L 20T Dapdlicndoa o tas tond to eguivment ziong the vertical axis imposes
- h] >

e el COILT LTS O '.est coulninent, o vertical ececleration may be applied

.-Lv»- -_'.u

c.ouu.s Alzarpate lead tests.  Iaiieu of tte above tesis, an anzlytical proof may
Dl awaladnd I sSow aal the o :‘*»;;zen and all it compo ents will conform to the

S aienls wnd lesis Sp 2cifica kevein, The an a.l viicel proof shall be subjeet fo ver-
reon by otugl test on any componsht,

be loaded into an.aircrait typ-
el O loe Bn WELOE S. COwWIC RoTIally Be earried 2ad in the mauner specified by the
Sl P R2z5000x for th2 airerafi. Didiculties encounter ed in-this loading operation
emn 0 ToZO2GEd With particular W‘“-w“ce to interference with airerait stiructure,

Carmas il A oUSGSQ Y QATLICQ.AT TS

G.<nine To corso Tioor, or unusual positioning oreration equircd This record shall
23 aimined o the procuring ac*tvl.y The eceipment shail then be tied down in
soowunlnnes vith the restraint erite Z'_a szecified in the loading handbook of the aircraft.
Turees Setnils on the arrangerernt of tiedown attachments to the aireraft floor shall

- . - - .
-

. - - -~ 3 éYa n L 2o $omen
e inlnwnel in the tast insirteticns.

TP — A et d

L2 Leoolding demonsivation.,  Tha ecuipment shol

f)a s
oo

”.

. (D

»

~. 2, .. Aoy divdicuily in adi leviag 2 satis factory tiedown.shall be roted. Following
- . : A P A s iad and any A3 anTe
3 oalLthrn leomonsteoation, the equivment itom snall be '..’::1 aded and any difficulties
~ mem E - O T A L T e N e T PP ) Y 31
croturnerel Suring e operation shall Be noted. When an aircrzaft cannot be readily
c.lemifinthe cese of contractor-conducied fests, demonsirations of satisfactory
Lonling, clzeowrw, and unlozding characieristics rray bemade by reeansoiscale moaels .
oo zomninoasive seale drawings showing each stage of operation.
. SIIFAZRATION FOR DELIVERY
-1 Thiz zeziion is not applicadie o this specification.
\vl\r~
7w ~.Jb -
e L Trendsduse.  Tals specification is iatended to est2blish uniform requirements
L i3S oo Oir transsoriabilizy characte: .stics to te incorporaied in the design of
e et Tamnent,
o1 Gonomlassiieation, Prior to use of this specificatic:r, the requied operating
Cinaionl Of i Da. cular ifem of equipient should be reviewed fo determine the
oaloauie win traonspostebilty eritesin, The tesits of this spzacification may be modi-
e Z O Ldeomdnonted W "*&u the inGlvidaal air transporialility requhen.nms of the
ORI SRS o i:.sta w2, POmD bay iransuosrobility, mncdification of airerait, or spe-
Caen ammeminiee a0 thE maust e applied, )
o
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- MIL-A-8421C(USAT)

Adcitional data to ke mmude:‘. ia fhe individeel equinment specification,  The

6.3 Y
o Ilowmg inTermation show:d p2 inciudad ia tae individuzl e inmem specitication to
iucther define the degree and iype of air {ransporiabilily required:

a2, Individual aircraft typs(s) or generel class, such as large cargo aircraft in

which equipment wiil be transporiakble
b. Speciai lozdl ng conditions, such 2s transporiing in bowb bay or carrying extér-
t strueture ‘

¢. Amount and xind of disz mbly rermissible tc achieve loading in a particular
ai"cmt eg, removal of whe 1 ssembly to load a van type semitrailer in the
Tyge C-119 aircrait

c. Special provisions, such as auxiliary wheeis or full swiveling casters necessary
rticular loading confzuration or positioning recuirement

sdsy Viiald

Eod
4]
i
@
[
&
»
Pc"
£
[l
3

. adina aind unioading time allowakble to achicve a particular aireraft turn-around
iime. Also, time reqmr\,d for equipment o b2 ope"*nonal after air landing, in the
P

)
vitcrs C‘."'h.a oaﬁra’.zo..;

o
15
0
g\:
(rz
so

L. Detajled strucivral limitaiions of the attzchment provisions on the iters being
transporied for equipment desizned o transport oiher ilems

y aircrzit. Also, weiglhi and size
x3 ecuipnient should be concidered.
provisions should also be coasidered

.
P fEadt an
irzitetion imp

o
O
0
s ©
c’c

.\ le

- . ana y IS
argo ground & (1"10 :'!'
I"

L
Limltations of internal airerail cargo hand

[
how

of tnis specification are marked with an asterisk to indicate whex
cEelohd , modifications, \,o:rec’::c“;7 aueuo 1s) Trom the previous issue
were rade, This was done as a corvenience only and the Government assuines ne

ty whatsc'-ver for any inaccuracies in these nctations. Bidders and contractors
re caudoned to evaluate ihe recuirements of this document based oathz entire content
ir:'es s2etive of the marginal notations and relationship to the last previous issue.

Preparing activity:
Air Force - 11 .

Project No. 1510-F001

*U.S. GOVERNMENT PRISTING OFFICE: 1560-393-035/51772
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